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INTRODUCTION 


The immediate aim of this investigation was to find whether or 
not a selective destruction of amino acids could be demonstrated 
in the course of the utilization of natural protein by two typical 
proteolytic anaerobes. The problem is important because of its 
relation to the general study of bacterial metabolism and physi- 
ology. It has, moreover, some bearing upon the question of the 
chemical structure of proteins. 


There is considerable evidence at hand to show that micro- 
organisms destroy some amino acids in preference to others when 
these acids are added separately (in the uncombined form) to 
culture media (Waksman and Lomanitz, 1925; Jodidi, 1912; 
Wagner, Dozier and Meyer, 1924; Parsons and Sturges, 1927; 
Braun and Cahn-Bronner, 1921; Blanchetiere, 1920). A quanti- 
tative study of the destruction of tyrosine in proteins has been 
made by King and Hjort (1926). Since the protein molecule is 
the normal starting point for the nutrition of proteolytic anae- 
robes, this appeared to be a more fundamental method of attacking 
the problem of selective or specific amino acid destruction than 
to use protein-free media and supply the purified individual amino 
acids. This method of study is more difficult, however, in that it 
necessitates the adaptation of analytical methods for quantitative 
estimation of the amino acids. 
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GENERAL METHOD OF PROCEDURE 


The plan of procedure followed in this investigation involved, 
first, the preparation of media containing an adequate amount of 
suitable protein; secondly, it required the determination of the 
amount of amino acids present (in combination) in each of these 
media; and finally, it involved another determination of the same 
amino acids after the growth of an organism had run its course in 
the media. Differences found in the two series of analyses should 
give an index to the relative destruction of amino acids for the 
different acids determined, the different organisms grown, and 
the different proteins used. ; 

The two organisms, Cl. histolyticum and Cl. sporogenes, were 
selected partly on the basis of biochemical and growth characteris- 
tics given by Reddish and Rettger (1924). These organisms grow 
rapidly on protein media and exert a strong proteolytic action. 
Cultures were obtained from “The American Type Culture Col- 
lection” of the John McCormick Institute for Infectious Diseases, 
Chicago, Illinois. The proteins used were fibrin and edestin, 
selected as typical animal and plant proteins respectively. 

In selecting amino acids for determination, the choice was 
limited to those few acids for which fairly reliable analytical 
methods existed by which they could be estimated in protein 
hydrolyzates. At best there is a wide discrepancy in the litera- 
ture regarding the quantitative presence in proteins of even such 
acids as tyrosine, cysteine, tryptophane, and histidine. 

Media were prepared by weighing the dry protein into large 
test tubes. Four grams was adopted as a standard weight of 
protein to be used in each culture tube. This gave a sufficient 
quantity of the constituent amino acids for ready determination, 
and an amount of material which was not too large for ready 
manipulation. To each tube was then added 35 cc. of a solution 
of beef extract which was of such strength as to furnish about 
0.12 gram of the extract to each tube. The beef extract furnished 
enough nutrient material to initiate a vigorous growth of the 
organism and thus insure attack upon the protein. Anaerobic 
conditions were maintained by placing a petroleum-paraffin seal 
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on the liquid surface. The tubes were plugged and sterilized 
either at fifteen pounds pressure, or at ordinary pressure on three 
successive days. 


ANALYTICAL METHODS 


In the adoption of analytical methods it became a chief concern 
to avoid, in so far as possible, interferences by the many unknown 
metabolic decomposition products which were apt to be present 
in the mixture to be tested. Hanke and Koessler (1925) described 
a method by which tyrosine and histidine may be precipitated 
from protein hydrolyzates—the former as a mercuric chloride 
complex, and the latter in combination with silver. These acids 
could in this way be separated from the complex mixture and 
could be separately estimated by colorimetric methods. For 
histidine the colorimetric methods of Hanke and Koessler (1919) 
involving reaction with p-diazo benzene sulfonic acid, was found 
satisfactory for comparative work. Tyrosine, after separation, 
was estimated by the method of Folin and Looney (1922). 
Tryptophane was also removed by a precipitation with mercury 
and in turn estimated by means of the phenol reagent of Folin 
and Looney. 

Tyramine and histamine, metabolic products derived from the 
two corresponding amino acids, would be likely to occur in protein 
culture media. Since these amines are precipitated by mercury 
and silver respectively, under the same conditions used for the 
precipitation of the acids, it became necessary to carry out pro- 
cedures for the separation of each acid and its amine. Such 
proceedures have been described by Hanke and Koessler (1919 
and 1922). They involved the extraction of the amine from an 
alkaline solution by means of successive small portions of amyl 
alcohol. 

A continuous analytical procedure was developed in the course 
of which each of the above-mentioned methods was employed. 
The protein material was first converted to amino acids by acid 
hydrolysis. The three amino acids were precipitated from 
aliquot portions of the hydrolyzate. Amyl alcohol extractions 
were made on solutions of the acids after their separation. The 
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quantities of acid present were finally estimated colorimetrically, 
using aliquot portions of exactly 100 cc. solutions. The amount 
of ammonia present in each culture tube was determined by means 
of distillation from an alkaline solution through which a small 
stream of air was simultaneously passed. 

It was of considerable importance in the interpretation of 
results that there should be certainty as to the development in 
each tube of only the single organism in question. Direct 
morphological examinations and sugar fermentation tests were 
made on fresh sub-cultures from the media tubes just previous to 
analysis. 


RESULTS OF AMINO ACID DETERMINATIONS 


Percentages of three amino acids found present in several 
proteins are given in table 1, which summarizes the results of 
analyses made upon steril controls. Casein has been included for 
the purpose of checking values obtained here with those quoted 
by other investigators. In the case of histidine and tyrosine a 
substantial agreement was found between values obtained here 
for the three proteins and those previously reported in the litera- 
ture by the same methods. 

Four separate culture tubes were analyzed in each case where a 
single organism was grown upon a single protein. With one 
exception, table 2 gives averages obtained after the analysis of 
four separate culture media. In the case of the growth of Cl. 
histolyticum upon edestin the averages include three separate 
media only. The figures given represent the percentage of each 
acid, calculated upon original weight of protein, which had been 
destroyed. Tyrosine destruction was uniformly in excess of 
histidine destruction, as shown by the ratios in the middle section 
of table 2. The third section of the table illustrates the difference 
in the destructive action of the two organisms upon histidine and 
tyrosine. It also shows a decided contrast between fibrin and 
edestin in respect to the ratios characteristic of the two organisms 
when grown on these two different media. Tryptophane is 
partially destroyed in the course of acid hydrolysis. Its destruc- 
tion proved to be so irregular during the hydrolytic process that 
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no safe conclusions could be drawn with respect to its destruction 
by the organisms. 


DETERMINATION OF SORENSEN AND AMMONIA VALUES DURING 
ACTIVE GROWTH 


The low values obtained for the destruction of tyrosine and 
histidine by Cl. histolyticum compared to Cl. sporogenes indicated 
that possibly the entire level of amino acid destruction was lower 
in the case of Cl. histolyticum than in that of Cl. sporogenes. 


TABLE 1 
Composition of the proteins used 





ADOPTED FOR 


9 
CASEIN NO. 1 CASEIN No. 2 COMPUTATION 





Histidine 2.37 2.37 2.4 
Tyrosine 4.70 5.43 5.4 
Tryptophane 1.03 1.08 1.1 





ADOPTED FOR 


EDESTIN NO. 1 | BDESTIN No. 2 COMPUTATION 





Histidine 23 2.2 


. 2. 
Tyrosine : 4.11 4.1 
1.11 


Tryptophane 1.2 





ADOPTED FOR 


FIBRIN No. 1 FIBRIN No. 2 COMPUTATION 





Histidine 1.82 1.91 1. 
Tyrosine 6.24 6.19 6. 
Tryptophane 2.60 1.80 2. 


9 











2 
6 





Cl. histolyticum, in other words, might be a very strongly pro- 
teolytic organism having exceptional ability to hydrolyze protein, 
but only capable in small measure of deaminizing and otherwise 
breaking down individual amino acids. If it were found that the 
putrefactive or decomposition process did not differ markedly in 
degree for each of the two organisms, then the low destruction 
of the two amino acids studied would be evidence of a selective 
action. In order to find to what extent the biochemical processes 
of the two organisms differed, a series of runs were made in which 
amino nitrogen and ammonia nitrogen were determined at inter- 
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vals during the period of most active growth. It was thought that 
any marked difference in the chemical processes characteristic 
of these two organisms would of itself be of considerable interest. 
It was further believed that such work would aid in explaining 


TABLE 2 
Destruction of amino acids 





Average destruction of histidine and tyrosine 





CL. SPOROGE NES 


CL. HISTOLYTICUM 





Fibrin: 
Histidine 
Tyrosine 
SR ER ce ncscnnespeesdens 


Edestin: 
Histidine 
Tyrosine 
Av. NH;-N 





Fibrin 
Histidine 
Tyrosine 


Edestin: 
Histidine 
Tyrosine 
Av. NH;-N 





Ratios of Tyrosine Destruction to Histidine Destruction 


Tyrosine 
Histidine 





Cl. sporogenes on fibrin 
Cl. histolyticum on fibrin 
Cl. sporogenes on edestin 
Cl. histolyticum on edestin 





Ratios of Destruction between the Two Organisms 





FIBRIN 





EDESTIN 





Cl. en 
Histidine ——>--——... 
Cl. histolyticum 
Cl. sporogenes 


Tyrosine 
oer Cl. histolyticum 


...-- 1.03 | Histidine 


2.2 | Tyrosine 


Cl. sporogenes 


Cl. histolyticum 
Cl. sporogenes 
Cl. histolyticum' 





the cause of a profuse production of tyrosine crystals which almost 
invariably occurs when Cl. histolyticum is grown in protein media. 

The results of this work are given in table 3. It will be noted 
that the runs were made during the first eight days and also at 
the end of a period of time corresponding to that which elapsed 
before the amino acid analyses were made. 
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The table indicates a rather striking difference in amino 
nitrogen production between the two organisms. Cl. sporogenes 
appears to destroy the excess amino nitrogen as fast as it is 
formed. Cl. histolyticum is somewhat inferior to Cl. sporogenes 
in final ammonia production but the ratio does not approach 
that of the differences in amino acid destruction. Ammonia 
traps attached to these culture tubes showed that any ammonia 
which might have escaped from the tubes during the eight days 
of active growth in the incubator was negligible in amount. 


TABLE 3 
Production of amino and ammonia nitrogen 
(Milligrams increase over control tubes) 





FIBRIN EDESTIN 





“Tae Cl. sporogenes Cl. histolyticum Cl. sporogenes Cl. histolyticum 





NH:-N | NHs-N | NHN | NHN | NH+N | NHN | NH2N/ NHeN 





2.0 61.5 | 34.0) 104.0; 0.0 15.5 1} 99.9 
0.0 72.2 | 52.4/ 130.0; 0.0 42.4 .7 | 123.8 
‘ 102.6 | 61.5 | 127.5) 0.0 64.7 | 58.8 | 189.1 
27.0 | 211.1} 53.8 | 154.8| 0.0 | 254.8 .O | 202.1 


BS waw 
oS 
o 

& SF - 


(Visible growth 
stopped) 





























Final pH values 


Table 4 gives the pH values found in certain of the culture 
tubes after complete growth of the organisms. These measure- 
ments were made by the electrometric method with the aid of a 
hydrogen electrode tube especially designed for small volumes of 
liquid (Garrison, Henry and Pasternack, 1925). 


THE DETERMINATION OF TYRAMINE AND HISTAMINE 


It was found that tyramine could be estimated by the use of 
the phenol reagent. A special quantitative study has been made 
of the production of this amine in certain protein media. ~ In 
table 5 a parallel comparison is made of total tyrosine destruction 
and the amount of this tyrosine appearing in the medium as 
tyramine. Percentages are based on original weight of protein. 
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It is to be noted that in the first example among the figures 
given for beef there is an approximate equivalence between 
tyrosine destroyed and that appearing as tyramine. This is 
true also for the casein determinations in the Cl. sporogenes 
column. When the total tyrosine destruction becomes greater, 


TABLE 4 
pH values of media after growth 





MEDIUM 


5] 
= 





Edestin—Cl. sporogenes, No. 3 
Edestin—Cl. sporogenes, No. 4 
Fibrin—Cl. sporogenes, No. 3 
Fibrin—Cl. sporogenes, No. 4 
Edestin—Cl. histolyticum, No. 3 
Edestin—Cl. histolyticum, No. 4 
Fibrin—Cl. histolyticum, No. 3 
Fibrin—Cl. histolyticum, No. 4 





oe eee en a oe 
ARARAwWON 








Relation of tyramine found to tyrosine destroyed 





CL. SPOROGENES CL. HISTOLYTICUM 





Per cent Per cent 
Per cent ; Per cent trpeninn 


tyrosine | {9TOSME | tyrosine 


found as found as 
destroyed | tyramine | S#troyed | tyramine 


34.5 31.0 | 





58.6 27.6 
58.6 31.0 


58.6 27.6 


5 33.3 
2 29.6 


34.3 
31.9 

















the amount of tyramine present does not increase correspondingly. 
This would indicate that decarboxylation or tyramine production 
was a first step or stage in the degradation of tyrosine by the 
two organisms and that tyramine was then further consumed in 
the putrefactive process. Histamine was not found present in 
any of the cultures examined. 
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DISCUSSION OF RESULTS 


In considering the problem of selective destruction of amino 
acids by the two organisms, it is evident that there is a distinct 
difference between Cl. sporogenes and Cl. histolyticum. Differ- 
ences of this kind might be interpreted as the result of a divergence 
between the two organisms in their degree of development upon 
the media were it not for the amino and ammonia nitrogen data 
obtained. The latter indicate clearly that the degree of growth 
or metabolism was comparable for both organisms, providing 
that ammonia production may be taken as an approximate index 
to the destruction of amino acids. The difference in destruction 
between the two organisms is particularly striking for the edestin 
media. The differences in amino acid destruction are far greater 
than the differences in ammonia production. 

There is also a marked difference evident in the destruction of 
histidine and tyrosine contained in the two proteins, fibrin and 
edestin. The ammonia produetion is only slightly greater for 
edestin than for fibrin, yet the destruction of the two amino acids 
studied is distinctly lower for Cl. histolyticum. For Cl. sporogenes 
the ammonia difference is greater but the difference in destruction, 
of amino acids between the two proteins, is negligible. It is 
evident then that the differences in the selective destruction of 
amino acids by organisms may be dependent upon, or closely 
related to, the nature of the protein furnished by the media. 

Amino nitrogen values have shown Cl. histolyticum to be more 
actively proteolyite than Cl. sporogenes. Such a tendency toward 
the production of free amino nitrogen is doubtless significant in 
relation to the phenomenon of tyrosine crystallization. An 
increase in free, uncombined tyrosine would ordinarily be expected 
to accompany an extended breaking up of the protein molecule. 
Sano (1926) has furthermore found that tyrosine possesses a low 
solubility in the pH range shown to exist in the media of Cl. 
histolyticum. Any appreciable amount of tyrosine set free during 
the growth process would be expected, if not otherwise utilized, 
to crystallize from solution. In the case of the two media studied 
there was a fairly high amino nitrogen production by Cl. histoly- 





160 M. W. MEAD, JR. AND C. G. KING 


ticum compared to that by Cl. sporogenes, which, for the most 
part was zero. Furthermore tyrosine destruction in the Cl. 
histolyticum cultures was unmistakably lower than in cultures of 
Cl. sporogenes. Considering the solubility of tyrosin in relation 
to known pH, these facts make the appearance of tyrosine seem 
not in the least surprising. It is possible, however, that tyrosine 
is preferentially liberated by tyrosine-crystal forming organisms 
in their disintegration of the protein molecule. 


CONCLUSIONS 


1. Clostridium sporogenes and Clostridium histolyticum, when 
growing in protein media, tend to utilize or destroy the amino 
acid tyrosine in greater degree than they utilize or destroy 
histidine. 

2. Clostridium histolyticum destroys neither of these two amino 
acids to the same extent that Clostridium sporogenes does. The 
action of the organism is selective toward these two particular 
acids in fibrin and edestin media. 

3. The degree of destruction of tyrosine and histidine by 
Clostridium histolyticum varies with the protein used. 

4. The proteolytic action of Clostridium histolyticum is greater 
than that of Clostridium sporogenes. The former, however, is not 
greatly inferior to the latter in putrefactive power as indicated by 
the production of ammonia. 

5. The two organisms give rise to a hydrogen ion concentration 
in protein-rich media ranging between pH values of 7.5 and 8.2. 
In Clostridium histolyticum cultures, the hydrogen ion concentra- 
tion is such as to facilitate tyrosine crystallization, whenever this 
acid is set free in the medium. 

6. Tyramine is one of the products of tyrosine utilization by 
these organisms. It probably is further decomposed to a limited 
extent after arising as a primary decomposition product of 
tyrosine. 
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INTRODUCTION 


Both chemical and biological literature show increasingly the 
need for more exact and dependable methods of colorimetric 
procedure for H-ion measurements (checked by the E.M.F. 
method when possible) on water and on very dilute solutions 
beyond the usual range of 0.2 to 0.02 m. 

This was recognized by Birge and Acree in 1918 when they 
emphasized the necessity for adjusting the pH of the indicator 
for use with weakly buffered solutions, and of employing what 
we shall henceforth call the isohydric indicator method (abbre- 
viated to iso-indicator or i. i. method) to obtain the final correct 
pH readings for standards and unknowns. This result is accom- 
plished by the use of adjusted indicator solutions having nearly 
or exactly the same pH that the solution or water under examina- 
tion shows from preliminary tests. In a study of the pH of 
water and solutions used in intravenous medication Williams and 
Swett in codperation with Mellon, Slagle and Acree in 1920-1921 
prepared excellent double distilled water showing pH values of 
about 6.8 to 7.1 when tested with brom thymol blue adjusted 
to about pH 7.0. This water gradually absorbed carbon dioxide 
from the air and generally reached a pH of about 5.7 to 6.0. 
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Brightman, Meacham and Acree in 1919-1920 combined f£.m.F. 
and spectrophotometric methods to correct the data for the salt 
errors of indicators in such work. 

That bacteriologists are beginning to feel the same need is 
shown by the statement made in the last Manual of Methods 
issued by the Society of American Bacteriologists (p. c. 45, 
Committee on Technic, 1927). In the discussion of the colori- 
metric procedure the committee points out that “if insufficient 
buffer is present or if either the distilled water or the indicator 
solution should be too far from the desired reaction, the result 
may be misleading.” We also see occasional references by 
biological workers, who are using colorimetric methods, to the 
pH of the water used and to the means by which the water was 
prepared. 

The list of problems to which the kind of technique developed 
in the present investigations is applicable is large and includes 
pH tests on plant extracts, weakly buffered culture media like 
corn meal agar (especially when it is necessary to dilute the latter 
more highly than usual to eliminate color or turbidity), tests on 
dilute buffer solutions, natural and purified drinking water, 
boiler water, sewage, factory waste liquors, solutions of sugar 
during the refining process, distilled water used in industries 
including the manufacture of beverages, and solutions for ore 
flotations. 

In such problems workers often fail to recognize that the 
colorimetric technic heretofore employed is inadequate for 
determining the pH of water or of very dilute solutions. The 
data presented in this article show the latter to be true for the 
following several important and fundamental reasons. 

1. The “salt errors” or “buffer corrections’ that must be 
applied to the buffer-color standards and the unknown solutions 
of 1.0 to 0.02 m are of an entirely different order from those 
occurring in solutions of less than 0.001 m. 

2. The adjustment of the pH value of the indicator solution 
itself is without practical influence on the standard buffers and 
unknowns to which it isadded in making colorimetric tests on the 
usual solutions of 0.2 to 0.02 m. Such adjustment is strikingly 
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necessary, however, because of its marked effect, with solutions 
which are so dilute that the added indicator produces considerable 
change in the total buffer and H-ion content. A method of 
adjusting the indicators was therefore devised. 

3. In the usual colorimetric work the effect of the carbon- 
dioxide and other impurities in the distilled water used for making 
the solutions or dilutions thereof may be neglected, but in very 
dilute solutions these factors are of marked influence. As shown 
in these investigations, widely different effects may be produced 
by variations in the character or condition of the water used; for 
example, water containing considerable CO, as when freshly 
collected from ordinary stills (usually about pH 5.0), water which 
has reached equilibrium with the CO, in the air (generally about 
pH 5.7) or CO,-free water in the neighborhood of pH 7.0, all of 
these values being subject to more or less variation due to the 
presence of small quantities of sprayed-over solids. Methods 
were devised for preparing experimentally and for testing all 
these ‘‘kinds”’ of water. 

4. In view of the three foregoing phases of the problem it is 
clear that we are in great need of accurate quantitative colori- 
metric and E.M.F. data on the dilution of the important buffers, 
culture media and indicators with these different types of water 
in order to discover and test more fully the laws underlying the 
hydrolysis and ionization of buffers and indicators by water. 
Accordingly, the accompanying tables and curves are here 
presented for possible assistance to others. 


HISTORICAL 


This codperative work was begun in January, 1924, in order to 
apply the isohydric indicator methods and explain and rectify 
the source of errors which Miss Fawcett had previously observed 
in her work (covering about 400 experiments) on the dilution of 
culture media. She had shown in 1923 that stock indicator 
solutions standing in soft glass bottles gradually become more 
alkaline and give readings different from those of either fresh 
indicator solutions or old ones readjusted with acid to the first 
faint color change. These differences were very pronounced and 
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variable in her work on certain solutions with inherently weak 
buffer properties and on others diluted with (a) ordinary distilled 
water, (b) reboiled distilled water and (c) double distilled water. 
Under these conditions it was impossible to determine the correct 
pH values. Similar results had been obtained by Acree and his 
coworkers. The isohydric indicator method offered the only 
correct means of (a) preparing, studying, keeping and using 
distilled and superpure water; of (b) measuring the actual pH 
thereof and of buffer solutions diluted therewith; of (c) studying 
the salt errors of indicators; of (d) making reliable comparisons of 
colorimetric pH values with the corresponding E.M.F. data; and 
of (e) studying solutions involving the carbon dioxide-bicarbo- 
nate-carbonate (CO, — NaHCO; —Na,CO;) equilibrium, especially 
when neutral gases are passed therethrough and into pure water 
to investigate the CO, equilibrium. This article is the first of a 
series of our researches on the above subjects. 

Important work having a bearing on this general subject has 
been done by other investigators, notably Kolthoff (1925), who 
studied the effect of the dilution of buffers on indicator salt 
errors; McBain, Dubois and Hay (1926) in their paper on the 
“Salt Error! of Indicators Caused by Standard Alkaline Buffers 
Themselves,”’ and the earlier work of McClendon (1917) and that 
of Welis (1920) on sea water. A paper dealing specifically with 
the adjustment of indicators for use with weakly buffered solu- 
tions has recently appeared by Pierre and Fudge (1928), who 
worked out both colorimetric and electrometric methods of 
adjusting the phenolsulphonphthaleins to their mid-points 
when determining the pH of soil extracts. Schlegel and Steuber 
(1927) recognized the effect both of CO, and of the reaction of the 
indicator on their determinations of weakly buffered sugar solu- 
tions, and attempted to adjust their brom thymol blue indicator 
to pH 7.0. Karraker (1923) and Marsh (1924) also published 
notes suggesting the adjustment of indicators to their mid-points. 


1In certain of their experiments the so-called salt errors were actual pH 
changes caused by the neutralization of their alkali standards by the free indicator 
acids used. 
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Their work grew out of a need for greater accuracy in colorimetric 
work with soil extracts. 

Because of the impracticability of publishing in one article, 
(a) the many parallel determinations which have been necessary 
to study fully the effect of CO, and of the indicator acids on the 
pH of dilute solutions from a colorimetric standpoint, and (b) 
the complete electrometric data necessary for calculating the 
salt errors, we have reserved this phase of the subject for another 
paper in which the relation of our work to all previous work on 
salt effects will be discussed. This paper is now nearly completed 
and will clarify some points left in doubt by the present paper, 
such as the accuracy of indicator adjustments, and of pH values 
assigned to water containing small amounts of impurities. 


TECHNIC 


Since the accuracy of colorimetric work with dilute or weakly 
buffered solutions depends entirely on the use of the proper 
technic, the methods found best suited to the needs of the experi- 
ments described in this paper must be given in detail at the risk 
of tedium. 


1. Glassware 


All glassware used was Pyrex, with the exception of some of the 
graduated pipettes. The flasks were prepared as follows: They 
were heated in the Arnold Sterilizer for about 1 hour successively 
with (1) n/100 alkali, (2) n/100 acid and (3) distilled water, 
rinsing carefully between (2) and (3). They were then emptied 
and drained while hot and plugged with cotton to keep out dust. 

Tubes after having been cleaned by a thorough laboratory 
routine, were given an extra treatment as follows: They were 
placed in large pyrex beakers, filled and covered with distilled 
water which was drained off, refilled and covered with fresh 
distilled water, steamed for one hour in the Arnold Sterilizer, 
emptied and drained on removing from the steamer, dumped on 
a clean towel and placed quickly while very hot in clean wire 
baskets in an inverted position. In this way the tubes dried 
almost immediately without retaining much of the rinse water. 
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Pipettes were carefully selected, cleaned, rinsed repeatedly with 
distilled water and tested with an indicator to determine whether 
the glass changed the color of the indicator. If a small quantity 
of brom cresol purple adjusted to pH 5.7 (which is the pH of 
water at equilibrium with the CO, in the air) did not become 
bluer on standing for 5 or 10 minutes in the pipette it was con- 
sidered safe for use. We recommend the use of Pyrex pipettes 
and burettes after our very satisfactory work with a few of them. 


2. Water 


Super-pure water? for use in the dilution experiments was made 
with a pH of 6.9 to 7.1 in a special commercial still and was also 
prepared from water from this high capacity still by redistillation 
in a specially designed table or desk still. The latter, with the 
exception of the distilling flask and condenser jacket (which were 
of glass), was constructed entirely of block tin. The water was 
distilled from a pyrex flask through tin rings in a tin column, 
cooled in a tin condenser, and collected in pyrex flasks. No chemi- 
cals were added to the water in the distilling flask but aeration by 
means of air led through a special type of soda lime jar arranged to 
remove all CO, and soda lime dust was carried on continuously 
both in the distilling flask and in the collecting flask during the 
distillation process. In this way water, entirely free or nearly 
free from CO,, could be collected and tested immediately on 
removal of tke collecting flask. Both of these stills and the soda 
lime jar will be described in a separate paper. 

The water was always tested by the technic of section 5 (d) 
with a solutiori of brom thymol blue adjusted to pH 7.0 and the 
readings varied between pH 7.0 and pH 7.05 with the exception 
of the first portions coming over, which were sometimes more 
alkaline, or more acid, due to incomplete aeration as proved by 
further aeration. These slight variations in pH were apparently 
not due to temperature, since no appreciable change could be 
detected experimentally by means of the indicator over a range of 
17° to 25°C. 

2 Note: Conductivity experiments to be published in another article show this 
water to be superpure. 
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The earlier prevalent belief (for example, Dawson, 1925) that 
the customary distillation of about one-third of ordinary distilled 
water will drive out the carbon dioxide and leave a nearly neutral 
or buffer-free pH 7.0 water rests upon the failure to recognize the 
presence of sprayed-over alkaline impurities still in the residual 
water. Consequently, in making pH tests of such water with the 
usual unadjusted mono sodium brom and thymol blue having a pH 
value of possibly 5.9 to 6.2, it is not always understood that the 
added indicator may be partially neutralized by the residual 
carbonate-bicarbonate buffer salts of possibly pH 7.5 to 8.5 in the 
water to give a reading which is close to pH 7.0 and is mistaken 
for that of the water itself. 

This influence of both indicator and water on the final pH 
reading is shown by the fact that superpure pH 7.0 water gave 
the reading pH 4.6 with brom phenol blue of pH 3.4; registered pH 
5.7 with brom cresol purple of pH 5.2; showed a pH 7.05 with 
brom thymol blue of pH 7.0; and had the pH 8.05 when mixed with 
phenol red of pH 8.6. This same change of the pH reading of the 
indicator is shown in the tables and columns for the highly 
diluted buffers, which may of course be considered as slightly 
impure water. Neutral salts like sodium chloride in such minute 
concentrations have no appreciable influence on the neutrality or 
pH of the superpure water and its solutions but are non-buffer 
impurities that increase the conductivity. Hence a statement 
should be made at this place to the effect that the only way the pH 
of water containing very small quantities of alkaline salts (pH 
7.0 to 9.0) or of CO, (pH 5.0 to 7.0), or of both, can be determined 
accurately or even approximately is by adding 0.2 ec. of each 
member of a graded pH series of phenol red, brom thymol blue or 
brom and cresol purple solutions to 10 cc. portions of the water 
and finding the point or zone at which there is agreement between 
the pH of one of the adjusted indicator solutions and its pH after 
mixture with the water under test and comparison with the 
buffer-color standards. 

The following method was used for keeping walter free from CO, 
during an experiment. The pyrex flasks were fitted with double 
perforated thoroughly cleaned rubber stoppers. In one opening 
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was inserted a pyrex tube through which CO,-free air was led into 
the water by means of a rubber tube connected with the soda lime 
jar. The air was thus allowed to bubble through the water at a 
fairly rapid rate and escape through the free opening of the 
stopper. Water which was allowed to stand without aeration 
for several hours in these flasks, even when tightly closed with 
rubber stoppers, reabsorbed CO, to some extent through the 
stoppers (the pH falling from 7.0 to 6.8 or 6.5 in eighteen to forty- 
eight hours) and had to be reaerated before use if CO,-free water 
were desired. In the case of redistilled water which had reab- 
sorbed CO, (pH 6.4 to 6.8), aeration at room temperature for one 
hour was found to be in most cases a safe procedure for removing 
all traces of CO,, while even ten or fifteen minutes’ aeration would 
often bring it to within 0.05 pH of its CO,-free equilibrium point 
if the rate of bubbling was fairly rapid. Ordinary distilled water 
on the other hand, which on collection is supercharged with CO, 
and has a pH of about 5.0, can only be freed completely of 
carbonic acid by thorough boiling (usually about ten minutes per 
liter) and aerating immediately while hot or by aerating for a much 
longer time (five or six hours) without heating. By cooling the 
water in the flask in a flowing cold water bath while the aeration is 
being carried on, it can be brought to room temperature rather 
quickly. 

The same general method of handling the water was used in 
controlling CO, equilibria for experimental purposes. 

1. To obtain water in equilibrium with the CO, in ordinary 
fresh air, a flask containing tested redistilled water at room 
temperature ‘was saturated with the air which had been taken 
from a pressure cock (after blowing it off) and had been passed 
through a side neck filter flask filled with absorbent cotton to rid 
it of condensation moisture or other impurities. When redis- 
tilled water treated in this manner was tested by the technic of 
Section 5 (d) with brom cresol purple adjusted to pH 5.7 the 
equilibrium point was generally reached in about ten minutes and 
found to be pH 5.7 at temperatures between 25° and 30°C. 

2. Since repeated tests showed that water freshly collected from 
ordinary stills contained more CO, than it did after standing in an 
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open vessel and coming to equilibrium with the CO, in the air, 
and since the distilled water was found to be practically constant 
at pH 5.0 for the still and tap water used in our laboratory, it was 
chosen as one of the “‘kinds” of water to be used experimentally 
in making dilutions. Accordingly pH 5.0 water was prepared 
artificially by adding to 200 cc. of tested CO,-free redistilled 
water, 1 cc. of the same water which had previously been satu- 
rated with CO, from a tank containing the compressed gas. An 
experimentally constructed curve for pure water containing 
graded quantities of CO, will be given in another paper. 


83. Adjustment of indicators 


The adjusted series of indicators were prepared by the methods 
first devised and recommended by one of us and his co-workers in 
their introduction and development of the use of sulphon- 
phthalein indicators (Lubs and Acree, 1916; Acree and Slagle, 
1908; White and Acree, 1918). These methods involve, first, 
the preparation of a stock solution of each of the mono-sodium 
uncolored indicator salts now adopted generally by other workers; 
(see Clark, 1920, p. 14) and secondly, the adjustment of several 
portions of each of these stock solutions to the desired hydrogen- 
ion values, preferably 0.2 pH apart, a procedure not yet generally 
adopted but absolutely necessary in accurate colorimetric work 
with dilute solutions. 

The stock solutions of the indicators with two exceptions (methyl 
red and brom phenol blue) were prepared by grinding them in a 
mortar, or warming them, with a volume of n/20 alkali equivalent 
to 1 mol of indicator, i.e., sufficient to dissolve them or at most 
give a slight color change and then diluting with good distilled 
water to the strength desired, 0.02 or 0.04 per cent, as is the 
general practice. These uncolored or slightly colored stock solu- 
tions served as a starting point for further neutralization with 
standard alkali and graded adjustment of the pH values and 
colors. We have found it convenient for accurate colorimetric 
work with dilute solutions to have constantly on hand sufficient 
adjusted portions of each stock indicator to include its lowest, 
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TABLE 1 
Adjustment of indicators 





pH or 
ADJUSTED 
INDICATOR 


MOLECULAR 
EQUIVALENT 
OF ALKALI 
PER 
DECIGRAM 
(CALCULATED 
FROM CURVE) 


n/20 NaOH 
PER 
DECIGRAM 
(caLcu- 
LATED 
FROM 
CURVE) 


n/20 NaOH 
PER 
DECIGRAM 
ACTUALLY 
ADDED* 


pH or 
ADJUSTED 
INDICATOR 


MOLECULAR 
EQUIVALENT 
OF ALKALI 
PER 
DECIGRAM 
(CALCULATED 
FROM CURVE) 


n/20 NaOH 
PER 
DECIGRAM 
(CALCU- 
LATED 
FROM 
CUBVE) 


n/20 NaOH 
PER 
DECIGRAM 
ACTUALLY 
ADDED* 





Brom phenol blue 


Brom cresol green 





0.5 


(4.2)tt 


4.2 


4.4 


4.6 


4.8 


5.0 


5.2 


5.4 


5.6 


1.00 


1.58 


1.68 


1.78 


1.84 


1.90 


ce 


2.80 
3.44 
3.75 


4.06 


4.42 


4.98 
5.15 


5.32 





Brom thymol blue 


Brom cresol purple 





1.00 


1.13 





3.20 


3.61 | 














1.00 


1.07 


1.11 








3.70 


3.97 


4.10 


4.33 | 


4.59 
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TABLE 1—Continued 
MOLECULAR |n/20 NaOH MOLECULAR |w/20 NaOH 
EQUIVALENT PER n/20 NaOH EQUIVALENT PER n/20 NaOH 
pH or OF ALKALI | DECIGRAM PER pH or OF ALKALI | DECIGRAM PER 
ADJUSTED PER (cCaLcu- DECIGRAM ADJ USTED PER (CALCU- DECIGRAM 
INDICATOR DECIGRAM LATED ACTUALLY INDICATOR DECIGRAM LATED ACTUALLY 
(CALCULATED FROM ADDED* (CALCULATED FROM ADDED* 
FROM CURVE) CURVE) FROM CURVE CURVE) 
Brom thymol blue Brom cresol purple 
ce, cc. cc. ec. 
4.20 5.00 
6.8 1.39 4.44 4.44 6.0 1.33 4.92 } 4.92 
4.80 (|) 4.90 
4.65 5.36 
7.0 1.50 4.80 4.80 6.2 1.45 5.36 <4} 5.30 
5.00 i} 5.40 
4.95 6.4 1.56 5.77 5.77 
7.2 1.63 5.21 §.21 
| 5.15 6.21 
6.6 1.68 6.21 6.0 
5.45 | 6.0 
& 
7.4 1.73 5.53 5.53 
5.52 
7.6 1.81 5.79 5.79 
Cresol red Phenol red 
6.6)t| 1.00 | 5.70 {| 57 
(6.6)tt| 1.00 | 5.3 5.3 7 ~ s oF 
5.55* 6.57 
7.2 1.075 5.69 5 88° 7.0 1.11 6.32 6.70 
° 5.8 7.01 
7.4 1.11 5.88 620 | 7.2 1.16 6.61 { 7 20 
6.30 7.72 
7.6 1.17 6.20 6.62 7.4 1.24 7.07 7.70 
7.8 1.25 6.62 7.05 7.6 1.35 7.69 8.21 
( 
7.05 7.8 1.44 8.21 8.95 
8.0 1.33 7.05 | 7.68 
7.55 - = 8.70 
8.2 1.45 7.68 8 27 8.0 1.57 8.95 { 9 69 
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TABLE 1—Concluded 





MOLECULAR |N/20 NaOH 

EQUIVALENT PER 

OF ALKALI | DECIGRAM 
PER (CALCU- 

LATED 


~x/20 NaOH 
PER 
DECIGRAM 
ACTUALLY 
ADDED* 


pH or 
ADJUSTED 
INDICATOR | DECIGRAM 
(CALCULATED 
FROM CURVE) 


FROM 
CURVE) 


pH or 
ADJUSTED 
INDICATOR 


MOLECULAR |N/20 NaOH 
EQUIVALENT PER 
OF ALKALI | DECIGRAM 
PER (caLcu- 
DECIGRAM LATED 
(CALCULATED 
FROM CURVE) 


DECIGRAM 
ACTUALLY 
FROM ADDED* 


CURVE) 





Cresol red 


Phenol red 





ce. 


1.56 8.27 


1.69 8.95 








1.78 9.43 





ce. ce. 


1.70 9.69 10.09 


1.77 10.09 (9.2-10.43 








1.83 10.43 10.93 





Methyl red 





Unadjusted alcoholic solution 


an { 


1.0 7.4 


5.2 


5.4 1.58 


10.33 


5.6 1.68 10.98 12.5 











5.8 1.82 11.90 13.5 











Note: The theory of the proper adjustment of these indicators to be given more 
fully in a later article will explain the discrepancies in the above tables betweén 
actual and calculated amounts of alkali necessary to reach a given pH value. 

* Values included in braces represent different adjustments of the same sample 


or of different samples of the indicator. 


t Parenthetical values were determined on 1 mol stock solutions (per se) and do 
not necessarily correspond to the calculated molecular equivalents. 
t Determination made on a separate lot of indicator from those represented by 


the values which follow. 
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mid-point and highest useful pH values, or still better to cover 
its entire color range in steps of 0.2 pH. 

The details of the adjustment were as follows: The stock solution 
of each indicator was divided into 100 cc. portions and placed in 
100 cc. Erlenmeyer flasks to which were added graded amounts 
of n/20 NaOH calculated from the theoretical ionization con- 
stants or titration curves of the indicators to bring the solutions to 
the desired pH values preferably 0.2 pH apart (table 1). The 
dilution error is negligible. The fact that the indicator samples 
were not always free from impurities made it necessary to devise a 
method of checking the pH values thus obtained. 

The following procedure was found to be quite simple and 
satisfactory. This experimental application of the isohydric 
indicator method was developed by Miss Fawcett and is much 
better than the use of drops on white test plates or in shallow 
pyrex dishes (Brown, 1924) or than the usual comparisons in 
16 to 18 mm. test tubes or in a Duboseq colorimeter or by Gil- 
lespie’s (1920-1921) drop ratio method. (1) A volume of 0.2 
cc. of the adjusted indicator to be tested for pH was introduced 
into the bottom of a tube test. (2) The same volume was placed 
in a second test tube to which was also added 0.2 cc. (even 0.05 
cc. is sufficient) of a m/20 (or even m/1000) buffer having the 
same desired pH value to form the buffer-color standard. The 
two test tubes were then stoppered and quickly brought to a 
horizontal position over white paper or porcelain to cause the 
solutions to spread out in thin layers of substantially equal area.’ 


* Although the volumes in (1) and (2) are different, according to Beer’s law and 
in actual practice the colors match at the same pH. In the equationH X 
In/HIn = Kind expressing the concentration of the colored ions In and molecules 
HIn and H-ions in terms of the indicator ionization constant Kind, the H is the 
same for both solutions at the same pH value. Therefore the fraction In/HIn is also 
constant at this H value, and for equal areas viewed the colors of the two solutions 
are the same regardless of the difference in the volume and depth. Conversely, if 
the colors are alike, the pH value of the indicator solution may be considered as 
accurately adjusted to that of the standard buffer-indicator mixture, which how- 
ever may not be free from salt errors. Since the hue of the indicator also changes 
greatly with pH, this isohydric indicator method gives a remarkably easy way of 
adjusting the pH and colors of these very dilute indicator solutions to those of 
known reproducible buffer-color standards. 
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In this way the colors were readily compared. If the indicator 
solution under test did not match the same solution when mixed 
with buffer, it was further corrected by adding more alkali or 
acid, cautiously, to the flask and retesting until the colors were 
exactly the same. If only part of the series is adjusted theoreti- 
cally before beginning testing, enough of the stock solution may be 
reserved for making the corrections and completing the series as 
desired. The adjustments may be made entirely in an empyrical 
way with success but it is a help to have the theoretical values 
from the titration curves or our table 1 as a guide. 

As shown in table 1, the stock solutions made with one mol- 
equivalent of alkali were usually found to be near the acid end of 
the range. Brom phenol blue and methyl red were exceptions to 
this rule. In the case of the former it was found that a quantity 
of alkali equivalent to only 0.5 mol of the indicator was sufficient 
to bring the solution to pH 3.4 which falls a little short of being 
the acid end of its range. In the case of methyl red hydrochloride 
the unadjusted indicator matched the indicator-buffer mixture 
pH 4.6 and was used as number 1 in that series. Where the 
amounts of alkali actually added in adjusting the indicators 
differed from the theoretical quantities they are given in parallel 
series. 

When adjusting the indicators for alkaline ranges, viz., brom 
thymol blue, phenol red and cresol red, it was necessary to do the 
matching rapidly unless the test tubes were first filled with CO, 
free air, because the indicator solution containing no buffer 
absorbed CO, readily from the air when spread out in a thin 
layer. With practice, however, this can be done successfully. 
We shall later report on the use of graded amounts of sodium 
bicarbonate in buffers and indicators to keep them at air-CO, 
equilibrium. 

Unfortunately some of the solutions were found to be very 
unstable for reasons not fully understood, especially in the alkaline 
ranges above pH 7.0. The changes which took place were, in 
the cases of brom thymol blue, phenol red and cresol red, nearly 
always in the acid direction but their occasional irregularity 
seemed to point to some cause or causes other than absorption of 
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CO,, though it is possible that a gradual action of the latter in 
conjunction with uneven distribution of colioidal or particulate 
impurities from the indicators or accidental introduction of 
particles of dust, bits of cork or occasional slight fungus growth 
may be responsible for this instability. These alkaline solutions 
required continual readjustment by the addition of more alkali, 
or of acid in a few cases. One sample of brom cresol purple 
always gave solutions which became more alkaline on standing. 

In practice the series of indicators being used in any given 
experiment was checked by the method described on page 175 
and readjusted when necessary. Results did not seem to indicate 
that the increase in buffer content or the dilution of the solutions 
thus readjusted was sufficient to affect the readings. This point 
was checked with care and indicator solutions to which a double 
portion of alkali had been added gave identical readings in pure 
CO,-free water with those having the same pH values, but con- 
taining only the original calculated amounts of NaOH. Uni- 
formity of readings made on redistilled water under similar 
conditions with different lots of adjusted and readjusted indi- 
cators furnish ample proof of the accuracy of the method. 


4. Technic for making dilution series 


The following procedure was used in making the dilution series. 
The pH of the undiluted medium or buffer was always determined 
electrometrically. A double hydrogen electrode was used in 
making all pH determinations together with a m/10 sodium acid 
phthalate solution (pH 3.95 to 3.97 as determined by different 
workers) as the standard. The same standard solution was used 
in making electrometric determinations throughout the experi- 
ments covered in this publication. 

Clark and Lub’s buffers were used in the colorimetric standards 
and these were also checked by means of the hydrogen electrode. 
Accuracy to within 0.03 pH was attempted and care was taken 
that slight errors in value were all in the same direction in order 
to keep the intervals even. The pH 7.0 buffer actually did not 
vary more than + 0.01 pH during the entire period of experi- 
mentation. 
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Buffer-color standards were made up at frequent intervals by 
adding 0.2 cc. of the indicator to 10 cc. of buffer. The color 
standards used in any given set of experiments were always made 
with one, usually the middle one, of the adjusted series of indi- 
cators used in the unknown solutions under test. This takes 
care of the variation in the purity of commercial indicators. 

In the method of making dilutions, a large flask of redistilled 
water (1) was kept aerated with CO,-free air from the soda 
lime scrubber at pH 7.0. Two more flasks, (2) and (3), were pre- 
pared at pH 5.7 and pH 5.0 respectively from the same redistilled 
water, as described under Technic, Sec. 2, Water. It was found 
that water containing sufficient CO, to register pH 5.0 would not 
lose its acidity to any appreciable extent during the progress of an 
experiment if kept in a closed flask. Having prepared these three 
“kinds” of water, the lower dilutions for each series could be 
made directly and the higher ones prepared from a 1:10 or 
1:100 dilution with water which was kept aerated with (1) 
CO,-free air or (2) ordinary air, as the case might be, or (3) simply 
kept in a closed flask when pH 5.0 water was needed. 


5. Procedure for making the colorimetric tests and calculating the 
pH values 


a. A volume of 0.2 cc. of the indicator was introduced from a 
graduated pipette into the bottom of the tube. 

b. The required amount of buffer or medium or dilution of the 
same or of water was added to the indicator by holding the tip of 
the pipette always just below the surface while adding the liquid 
to prevent loss or reabsorption of CO,. By introducing the 
indicator first and filling carefully, as described, the color be- 
comes evenly distributed without shaking or inverting the tube 
and in this way chances for changing the CO, equilibrium are 
lessened. Dilutions and comparisons with the usual buffer- 
color standards were made singly or in groups of two or three as 
quickly as possible to minimize changes in CO, content. The 
test tubes may be first filled with CO,-free air when working in 
alkaline ranges and with super pure water. 

c. A free circulation of fresh air in the room is essential when 
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carrying on an experiment with CO,-free water. Reabsorption 
of CO, in the tubes is so rapid under any other condition (as 
when the air is close and impure or when there are gas flames in 
the room) that it is often impossible to obtain good readings. 
The rather rapid action of CO, entering the liquid from the 
atmosphere can be readily detected by the appearance of the 
“acid”’ color of the indicator at the top of the liquid in contrast to 
the color below. 

d. The tables show that in studying the mutual effect of the 
water, buffer and indicator in giving a resultant final hydrogen- 
ion concentration, pH readings were made on each buffer dilution, 
and on the water, mixed with each and every adjusted solution of 
the indicator or indicators falling in the pH range measured. 
Since all these pH readings differ, we must analyze the data to find 
the actual pH of the diluted buffer or the water containing no 
indicator. According to the isohydric principle, buffers and 
indicators unlike in pH change each other into a resultant interme- 
diate pH; the correct pH, barring salt errors, is found only when 
the pH of one of the indicators is the same before and after the 
addition of the water or solution under test. But to estimate this 
correct pH point or zone, the unknown solution need not be 
treated with all of the different pH steps of the given indicator. 
For ordinary practical work it will be found sufficient to have a 
short series of three solutions of each indicator adjusted at or near 
the lowest, midpoint and highest useful pH points of its range, 
say at pH 6.0, 7.0 and 7.6 for brom thymol blue. For more 
precise work the complete 9-point series with intermediate steps 
0.2 pH apart should also be made. The convenience and relative 
usefulness of the short and the complete series depend greatly on 
the concentration of the buffer in the unknown solution and can 
well be illustrated by table 5, giving the tests of the pH values of 
dilute phosphate buffers with phenol red and cresol red. 

The electrometric pH of the m/20 phosphate was adjusted to 
7.82. The first colorimetric test of the unknown should always 
be made with the midpoint indicator solution, or pH 7.8 phenol 
red in this case, to see whether the solution shows a pH below, at 
or above the midpoint pH. Table 5 shows that the low, high and 
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all intermediate pH points of phenol red and cresol red gave the 
reading pH 7.8+ with the 1:5 and 1:10 dilutions. We conclude 
then that it is practically immaterial what the pH adjustment 
of the indicator is for measuring phosphates more concentrated 
than m/200. At a dilution of about 1:100 (m/2000) the pH 7.0 
and 8.6 indicators slightly lower or raise the pH of the phosphate 
and give the readings pH 7.8 and 7.85. A dilution of 1:1000 
(m/20,000) is typical of cases where the short or 3-point or 3-step 
or 3-pH phenol red series is both necessary and sufficient. The 
midpoint or pH 7.8 phenol red gives a resultant reading 7.7, thus 
showing that the pH 7.82 of the m/20 phosphate buffer has been 
decreased by the pH 7.0 water on dilution, and is below 7.7. The 
lowest or pH 7.0 phenol red gives the reading 7.5, thus proving 
that the pH of the diluted phosphate buffer is above 7.5. As the 
diluted phosphate itself is above pH 7.5 and below pH 7.7, or 
about three-fourths way from the pH 7.0 to 7.8 indicator, we use 
three-fourths as a factor on the difference of 0.2 pH between the 
pH 7.5 and 7.7 readings and choose 7.65 as the pH of the 1:1000 
(m/20,000) phosphate. We would choose pH 7.6 if this were 
midway between the pH 7.0 and 7.8 indicators. In fact, we note 
that the pH 7.65 chosen is also the midpoint of the readings pH 
7.5, 7.65 and 7.8 given by the equally spaced pH 7.4, 7.6 and 7.8 
indicators. Hence a reading of pH 7.65 or possibly 7.67 is given 
accurately and quickly by the use of two of the shorter 3-pH 
phenol red series. The 1:10,000 phosphate dilution (m/200,000) 
is brought still closer to pH 7.0 by the pH 7.0 superpure water and 
gives the readings pH 7.2 and 7.6 with the pH 7.0 and 7.8 phenol 
and cresol reds. The average of the pH 7.2 and 7.6 is the pH 
7.4 chosen which is also midway between the pH 7.0 and 7.8 
indicators used and remains unchanged (isohydric) by the pH 
7.4 indicator of the 9-point phenol and cresol red series. It must 
therefore be nearly correct. When the unknown solution is very 
dilute and the pH readings given by two of the 3-pH indicator 
series differ more than 0.2 to 0.4 pH or so much that the pH 
“ehosen”’ as correct is in doubt, the two indicator solutions may 
be mixed in proper proportions from table 1 to give the “chosen” 
pH and this indicator added to the unknown solution should give 
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a final very accurate pH reading. It is not safe to make linear 
interpolations to 0.1 pH on pH differences greater than about 
0.4 pH because the pH scale is logarithmic, not linear, as Snyder 
(1928) has emphasized. But if the research work involves con- 
stant tests of extremely dilute solutions or superpure water, it 
is much more convenient and accurate to make up the longer 
9-pH indicator series and make the final pH measurement with 
that indicator solution most nearly isohydric with the pH given by 
the 3-pH series. Tables 3, 4 and 5 contain a few heavily typed 
pH values ‘“‘chosen’’ by the isohydric method as illustrations. 


DEFINITIONS 


Before presenting or discussing the actual data it will be neces- 
sary to define certain terms which will appear in the text. 

In discussing the data presented in the tables and curves, two 
terms will be used which may need definitions, viz., “waler- 
indicator effect’”’ and “buffer-dilution effect.” The first term is 
used to mean the combined effects of the water used (controlled 
mainly by the presence or the absence of CO,) and of the indi- 
cator ions. These effects are, obviously, to be seen only in the 
higher dilutions. The second term is used to mean the effect 
produced by changes in ionization due to dilution of the buffer 
substances forming the basis of the solution or medium. This 
effect is important in the lower dilutions and may be either in the 
acid or in the alkaline direction. The chemical basis of buffer 
dilution is not yet well systematized with accurate data and need 
not be discussed here.‘ 

When diluting with water containing CO, these two effects may 
be in opposite directions, as will be shown. When, however, 
CO.-free water is used, buffer-dilution and water-indicator effects 
may merge imperceptibly as we find ourselves dealing either 
primarily with the ionizing substances of the medium in the first 
part of the curve (lower dilutions) or with the ionization of the 
indicator itself as an important source of H or OH ions in the 

‘See Sdrenson’s table of pH values for different dilutions of glycocoll and 


asparagine given in Clark’s Determination of H-ions, 1920 Ed., p. 30, and similar 
data on aniline hydrochloride given by Loomis and Acree, 1911. 





EDNA H. FAWCETT AND 8. F. ACREE 


TABLE 2 
Dilution of acid potassium phthalate-HCl buffer brom phenol blue 





ELECTRO- DILUTION FACTORS 
METRIC 
pH or 

UNDI- 





LUTED 1:5 1:10 1:50 1: 100 1: 200 ; 1: 1,000 
BUFFER | 0.01 M| 0.005 M} 0.001 M/ 0.0005 M | 0.00025 M | 0. 0.00005 M 
0.05 mj 











Colorimetric pH of diluted buffer 





4.0 | 4.1 4.2 


4.15 | 4.3 


G2 G9 G9 Go oo oo o9 
ps es Re Rs Re | 
oo 09 69 oo oo 9 Oo» 
SSSSSSES 


EQUILIBRIUM 
waTert 


6+ 


+ 
4.8+ 
4.8+ 
4.8+ 


G2 G2 G9 oo Go oo o8 
JAAR 
aia-acetatete 
SaSaES"*S 
alal-al-al-al-alce 
SSRRESE 


pH 5.0 water 
DIRECT FROM 
STILL 


3.75 | 3.77| 3. ; 4.6 

3.75 | 3. 4.6+t 
3.75. | 3. 4.8 

3.75 | 3. 4.15 | 4. 4.8+ 
3.75 | 3. 4.8+ 
3.75 | 3. 4.8+ 
3.75 | 3.77| 3.8-| 4.0 | 4.2 , 4.8+ 
































* pH 7.0 with brom thymol blue (7.0). 

+ pH 5.65 with brom cresol purple (5.7). 

tIn this and all succeeding tables the electrometric readings were made on 
the buffer without the presence of an indicator. Where the colorimetric value 
is repeated throughout an entire column actual readings were made only at 
the beginning and end. This applies to all succeeding tables as well. 
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last part (covering the higher dilutions). In either case the 
dilution effect is probably of the same nature from a chemical 
viewpoint; that is, it is due to ionization and hydrolysis of systems 
of weak acids or bases and their salts. 
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Fic. 1. Revation oF pH Vauves To Ditvtion or Paruatate-HCl Burrer 
(Exec. pH 3.75) Waen Testep witn Brom PuEenot Bive In ADJUSTED 
Szries (pH 3.4 ro 4.6 in InTERVALS oF 0.2 pH) 


In studying the tables and charts the reader must keep in mind 
that the buffer-dilution curves would be slightly more alkaline if 
the points were determined electrometrically as will be demon- 
strated in the paper on salt errors now under way. Hence in all 
previous work the errors due to CO, and indicators are even more 
misleading than they appear to be from the colorimetric data. 
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DISCUSSION OF TABLES AND CURVES 


Dilution of acid potassium phthalate-HCl buffer of pH 3.76 
(brom phenol blue) 


In table 2 (fig. 1) are presented the data obtained on dilution of 
an acid-potassium phthalate-HCl buffer mixture (0.05m). 

Differences in pH due to dilution are apparent throughout, 
grading evenly from 1:10 where they are first appreciable to 
1:1000 where the readings are barely distinguishable from those 
of water itself. This gradual increase in pH in the upper part of 
the curves as far as 1 part in 50, falls without doubt under the 
category of buffer-dilution effect. In about that region of the 
curves representing a dilution of 1 part in 100 (0.0005 m) the 
buffer dilution and water-indicator effects merge and we have as a 
result smooth rapidly descending curves. It will be seen that 
all the readings obtained when the indicator, whatever its adjust- 
ment, was introduced into water alone (see last column) are either 
near the extreme alkaline end of the range of brom phenol blue 
(pH 4.8) or beyond it. 

That practically no differences in pH are found between readings 
made with pH 7.0, pH 5.7 and pH 5.0 water, provided the adjust- 
ment of the indicator solution is the same, is due no doubt to the 
fact that formation of hydrogen ions from the ionization of the 
indicator acid is of a greater order than that from the ionization 
of the acid formed by the amount of dissolved CO, present, even 
in pH 5.0 water. 

Differences due to the adjustment of the indicator are slight and do 
not become apparent until a dilution of 1 part in 100 is reached. 
Even in the higher dilutions the range of values obtained with the 
adjusted series of indicator solutions is much more restricted 
than that of the readings made with other indicator series at the 
same dilutions (see other charts). This is due to the fact that the 
medium being diluted is a comparatively strong acid buffer which 
over-balances the lower acidities and concentrations of this indi- 
cator at all its pH values. 

Colorimetric readings agree with the electrometric reading on the 
undiluted buffer within an error of 0.05 pH when the buffer is 
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TABLE 3 
Dilution of 1 per cent peptone beef infusion bouillon 
Brom cresol purple 














DILUTION FACTORS 
macme- | covens. : - 
Be op or | pion | 1:6 | 1:10 | 1:80 | 1:100 | 1:500 | 151,000 mmm 
MEDIUM | MEDIUM 
Colorimetric pH of diluted medium 
5.2 6.05 6.0+ | 6.0+/) 6.0 | 6.0 5.95 | 5.85 | 5.80 5.70 
54 6.05 6.0+ | 6.0+| 6.0 5.85 | 5.80 5.75 
5.6 6.05 6.0+ | 6.0+) 6.0 5.95 | 5.90 5.9— 
5.8 6.05 6.0+ | 6.0+) 6.0 6.0—| 5.95 6.0 
6.0 6.05 6.0+ | 6.0+) 6.0 6.05 | 6.00 6.05 
6.2 6.05 6.0+ | 6.0+) 6.0 6.10 | 6.10 6.3- 
6.4 6.05 6.0+ | 6.0+) 6.0 6.2—| 6.20 6.4 
6.6 6.05 6.0+ | 6.0+) 6.0 | 6.05 |.6.1 6.25 | 6.30 6.6— 
atr-CO; 
EQUILIBRIUM 
WATERS 
5.2 6.05 6.0+ | 6.0 6.0 | 5.95 | 5.90 | 5.75 | 5.6 5.45 
5.4 6.05 6.0+ | 6.0 6.0 5.8—| 5.6+ 5.50 
5.6 6.05 6.0+ | 6.0 6.0 5.80 | 5.7 5.60 
5.8 6.05 6.0+ | 6.0 6.0 6 85 | 5.76 5.65 
6.0 6.05 6.0+ | 6.0 6.0 5.9 5.8- 5.75 
6.2 6.05 6.0+ | 6.0 6.0 5.95 | 5.85 5.85 
6.4 6.05 6.0+ | 6.0 6.0 6.00 | 5.9 5.90 
6.6 6.05 6.0+ | 6.0 6.0 | 6.0 6.05 | 6.05 | 6.0 6.0 
SAME WATER 
CO; From 
TANK} 
5.2 6.05 6.0+ | 6.0 5.9 | 5.6 5.4 5.2 5.2- 5.0 
5.4 6.05 6.0+ | 6.0 5.9 5.0 
5.6 6.05 6.0+ | 6.0 5.9 5.0 
5.8 6.05 6.0+ | 6.0 5.9 5.0 
6.0 6.05 6.0+ | 6.0 5.9 5.0 
6.2 6.05 6.0+ | 6.0 5.9 5.0 
6.4 6.05 6.0+ | 6.0 5.9 5.0 
6.6 6.05 6.0+ | 6.0 5.9 | 5.6 5.4 §.2+] 5.1 5.0 
































* pH 7.0 with brom thymol blue (7.0). 

t Note that the point of agreement between the pH of adjusted indicators and 
the series of pH values for water in the last column is at 5.6 instead of 5.7. This 
may have been due to impurity of the air in the room since the fresh air was not 
always kept bubbling through the dilution water. 

t pH 5.0 brom cresol purple (5.2); pH 5.0 methyl red (5.0). CO, was not meas- 
ured in this case and the water was made a little too acid when introducing CO; 
directly from the tank. The actual pH was probably 4.8 instead of 5.0. 
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not diluted further than 1 part in 10. At 1 part in 50 the 
difference reaches 0.25 pH and rapidly increases as dilution 
proceeds. 


Dilution of 1 per cent peptone, beef infusion bouillon (brom cresol 
purple) 

In table 3 (fig. 2) are presented dilution data for 1 per cent pep- 
tone beef infusion bouillon. 

There are no changes in pH due to dilution worthy of note until 
1 part in 50 is reached and then these are very slight except 
with pH 4.8 water in which case the high CO, content de- 
flects the curves to the extent of 0.1 pH at a dilution of 
1:10 and causes all the curves to fall into a single line, a 
very good illustration of the buffering effect of CO, in water. 
Likewise, the differences due to indicator adjustment seen when 
the other waters were used are here wiped out. In contrast 
to the brom phenol blue series in table 2 (fig. 1), where the 
indicator acid is a stronger factor than the CO, effect, here 
the effect of CO, out-balances the effect of the brom cresol purple 
indicator regardless of its pH; in other words, the CO, in solution 
forms a stronger acid than the indicator acid in any part of the 
adjusted series. 

On the other hand the effect of CO, is scarcely appreciable in 
readings made with pH 5.7 water until a dilution of 1 part in 500 
is reached where the greatest difference between readings made 
with pH 5.7 and CO,-free (pH 7.0) water was 0.2 pH and even at 
a dilution of 1:1000 the error is only 0.3 pH at the extreme alka- 
line end of the indicator range (pH 6.6). At the mid-point of the 
indicator series this type of error does not exceed 0.15 pH at a 
dilution of 1:500 or 0.2 pH at 1:1000. 

There is almost exact agreement between colorimetric readings 
and the electrometric reading on the undiluted medium when the 
dilution does not exceed 1:10 with the exception of those made with 
pH 4.8 water. In the case of CO,-free water, errors are not 
greater than 0.1 pH even at a dilution of 1:100, and then only at 
the extremes of the indicator series. At its mid-point (pH 6.0) 
the values recorded are practically identical throughout the 
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dilution series and agree with the electrometric reading; this is 
obviously because the pH of the indicator used (6.0) almost 
exactly coincides with that of the medium under test (6.05) 
and because the pH of a brom cresol purple solution adjusted to 
pH 6.0 was changed very slightly (6.0 to 6.05) when introduced 
into CO,-free water (see last column on the right). 

Were the solution being measured of a H-ion concentration near 
the acid end of the range of brom cresol purple, for example pH 
5.2 to 5.4, readings made with pH 5.7 or even pH 5.0 water would 
agree more nearly with the true pH than those made with pH 7.0 
water. Seldom in ordinary practice would every condition be 
found ideal, as in the case just cited where dilution did not greatly 
effect the pH value in any part of the series from the undiluted 
medium all the way down to water itself. The same condition 
may be observed at some one point in all of the other charts. 


Dilution of Fermi’s solution’ (brom thymol blue) 


Table 4 (fig. 3) embodies dilution data for Fermi’s solution—a 
much used, highly buffered, synthetic medium—and exemplifies 
in a striking way all the principles previously discussed. 

In addition figure 3 illustrates well the fact that when a medium, 
the reaction of which is in the region of neutrality, is diluted with 
water containing CO, the initial changes may be in the opposite 
direction from those which occur on further dilution. Thus it will 
be seen that the curves dip to the extent of 0.15 pH at 1 part in 
5 due to buffer-dilution and that later most of them rise again but 
at markedly different rates according to the amount of CO, in 
the water or the pH of the indicator used. 

Another fact which stands out in this table is the extreme to 
which dilution may be carried (1 part in 100,000) and still show 


Glycerine . ; 
This solution is 0.083 m with respect to the phosphate buffer. Since the MgSO, 
does not affect the buffer action above pH 7.0 it was ignored in the calculation. 





TABLE 4 
Dilution of Fermi’s solution 
Brom thymol blue 





DILUTION FACTORS 

















ELECTRO-| COLORI- | | | | . | . | ox o= 
por | itor | sior ow lex |-*/e2 (83/85/82) £8 | corre 
cason | Ue unpi- | =3 “8 == | = l\~s EE EB S= WATER® 
LUTED | LUTED = | s | 8 |= =2 
BUFFER BUFFER | S | (—) S| =| S | Ss | s | o 
Colorimetric pH of diluted medium 
6.2 | 7.00 | 7.04 |7.15/7.15/7.2 |7.15!7.1017.02\6.95| 6.6 64 
6.4 7.00 7.0+ |7.15)7.15/7.2 |7.15 7.00 6.7 6.5+ 
6.6 7.00 7.0+ |7.15/7.1517.2 {7.15 7.02 6.75 6.75 
6.8 7.00 7.0+ 77 asit asi7 2 7.15 7.05 6.85 6.85 
7.0 7.00 7.0+ |? -15)7 .15)7.2 7.15 7.10 7.06 7.05 
7.2 7.00 7.0+ \7.15)7.15)7.2 7.15 7.15 fe 7.2+ 
7.4 7.00 7.0+ |7.15)7.15)7 2 7.15 7.17 7.4- 7.4- 
7.6 7.00 7.0+ |7.15)7.15)7.2 |7.15/7.15/7.15)7. 20 7.4 7.5 
| atr-CO; 
EQUILIBRIUM 
| WATER? 
| | —_——— 
6.2 7.00 | 7.0+ /|7.15)7.15/7.15/7.15/7 .05/6 . 85/6. 1 6.0-— 
6.4 7.00 7.0+ |7.15)7.15/7.15]7.15 6.1 6 0- 
6.6 7.00 7.0+ (7. 15/7 .15)7.15)7.15 6.2 6.0 
6.8 7.00 7.0+ (|7.15/7.15)7.15]7.15 6.25 6.0 
7.0 7.00 7.0+ 7. 15)7.15}7 15]7 .15 6.3 6.1 
7.2 7.00 7.0+ |7.15)7.15)7.15)7.15 6.4 6.2 
7.4 7.00 7.0+ |7.15)7.15)7.15}7.15 6.5 6.3+ 
7.6 7.00 7.0+ |7.15/7.15|7.15/7.15/7.15|7.00/6.6 6.35 
| pH 5.0 
| WATER! 
6.2 7.00 7.0+ |7.15]7.15)7.15/7.05/6.5 (6.0 |6.0-| Full acid | Full acid 
color color 
6.4 7.00 7.0+ |7.15)7.15)7.15)7.05 Full acid | Full acid 
color color 
6.6 7.00 7.0+ |7.15)7.15)7. 15/7 .05 Full acid | Full acid 
color color 
6.8 7.00 7.0+ (7.15)7.15)7.15]7.05 Full acid | Full acid 
color color 
7.0 7.00 7.0+ |7.15)7.15)7.17\7.05 Full acid | Full acid 
| color color 
7.2 7.00 7.0+ |7.15)7.15)7.15)7.05 Full acid | Full acid 
| color color 
7.4 7.00 7.0+ |7.15)7.15)7.15)7.05 Full acid | Full acid 
color color 
7.6 7.00 7.0+ \7.15)7 . 15/7 .15)7 1016.6 6.2 6.0 | Full acid | Full acid 
color color 



































* pH 7.05 with B.T.B. (7.0). 
t pH 5.7 with B.C.P. (5.7). 
t Direct from still. 
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evidence in the readings of the presence of themedium. This 
is true especially where CO,-free water is used, and to a slightly 


TABLE 5 
Dilution of acid potassium phosphate-NaOH buffer 
Phenol red, cresol red. Data with CO,-free water 





DILUTION FACTORS 
































pH or ELEc. pH 
supecasen swneca- | 02 UO} 1:5 | 1:10 | 1:100 | 1:1000 | 1:10,000 | CO: Free 
Tor | DILUTED | 0.1m | 0.005m | 0.0005 | 0.00005m |0.000005a) WATE 
Colorimetric pH of diluted buffers 
Phenol red........ 70 7.82 | 7.8+/ 7.8+/ 7.8 7.5 73 7.0 
Cresol red........ ‘ 7.82 | 7.8+/| 7.8+/ 7.8 7.5 7.25 7.0- 
Phenol red........ 72 7.82 | 7.8+] 7.8+/ 7.8 |(7.55)*| 7.45 7.2 
Cresol red........ , 7.82 | 7.8+/] 7.8+/ 7.8 |(7.55) | 7.35 7.2- 
Phenol red........ 74 7.82 | 7.8+] 7.8+/ 7.8 7.6 7.4 7.35 
Cresol red........ 7.82 | 7.8+/) 7.8+/ 7.8 7.6 7.4 T2 
Phenol red........ 76 7.82 | 7.8+/] 7.8+) 7.8 | (7.65)} 7.5 7.45 
Cresol red........ , 7.82 | 7.8+] 7.8+/ 7.8 | (7.66)) 7.5 7.4 
Phenol red........ 78 7.82 | 7.8+| 7.8+] 7.8+] 7.7 7.6-—| 7.6 
Cresol red........ ; 7.82 | 7.8+] 7.8+/ 7.8 7.7 7.6 7.6 
Phenol red........ 8.0 7.82 | 7.8+] 7.8+/ 7.8 | (7.75)| (7.7) 7.8 
Cresol red........ “ 7.82 | 7.8+| 7.8+/] 7.8+/] (7.75)| 7.8 7.8 
Phenol red........ 8.2 7.82 | 7.8+| 7.8+/ 7.8 7.8 7.8 7.9 
Cresol red........ : 7.82 | 7.8+] 7.8+/] 7.8 7.8 (7.8) 7.9 
Phenol red........ 8.4 7.82 | 7.8+] 7.8+/] 7.8 | (7.85)| 7.9 8.0 
Cresol red........ 7.82 | 7.8+] 7.8+/ 7.8 | (7.85)| 7.85 7.95 
Phenol red........ 8.6 7.82 | 7.8+|] 7.8+/] 7.85 | 7.9 7.95 8.1 
Cresol red........ . 7.82 | 7.8+| 7.8+/] 7.8+) 7.9 7.9 8.0 

















* Figures in parentheses were interpolated. 


less degree with air-CO, equilibrium water. 


In the case of pH 


5.0 water the buffering power of the CO, practically obliterates 
the effect of the medium in the highest dilutions. 
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Dilution of acid potassium phosphate-NaOH buffer (Phenol red, 
cresol red) 

The data given in tables 5 and 6 (fig. 4), show more strikingly 
than do any of the other experiments the effect of CO, on the 
readings because of the alkaline range covered. The errors are 
nearly all in the acid direction and increase in direct proportion to 
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Apsustep Serres (pH 7.0 ro 8.6 1n INTERVALS oF 0.2 pH) 


the amount of CO, present. In table 5 where the readings were 
made under CO,-free conditions the deflections from the true 
pH due to dilution are slight even at 1:1000, the greatest error 
being 0.3 pH at the extreme acid end of the indicator series, while 
in table 6 where pH 5.7 water was used they begin to be notice- 
able at 1: 100, and in the case of pH 5.0 water at 1:50. Even with 
regard to the alkaline buffer, however, the rule holds that errors 








e= 
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due either to CO, or to adjustment of the indicator are negligible 
at a dilution of 1 part in 10 or less. 

The outstanding point in table 6 is the slow action of CO, on the 
readings made with pH 5.7 water. The change in the tubes was so 
apparent that it was necessary to wait several minutes before 
taking the first readings. After five minutes the change was more 
gradual. A study of the figures shows that the greatest change 
occurred in the 1:1000 dilution where the difference between the 
five-minute and one-and-one-half-hour readings was 0.3 pH. 
At 1:500 it was 0.15 to 0.25 pH in the same length of time, and 
at 1:50 only 0.1. It is also noteworthy that equilibrium was 
reached sooner in the lower dilutions. The experiment shows 
how unsatisfactory it is to work with very dilute solutions of an 
alkaline medium in the presence of CO,. When pH 5.0 water was 
used the CO,, present in larger amount, acted so rapidly that it 
was not necessary to wait longer than a minute before taking 
readings. 

The differences due to indicator adjustment are not great, except 
in the highest dilutions of the CO,-free series. 

Good agreement was obtained between the readings made with the 
two indicators used, phenol red and cresol red, as also between 
colorimetric readings and the electrometric reading on the undiluted 
medium, under all conditions, at dilutions lower than and includ- 
ing 1 part in 10, and even at a dilution of 1 part in 100 under CO,- 
free conditions; the last mentioned fact shows the strong buffering 
power of the phosphate mixture. 


Dilution of 1 per cent peptone, 1 per cent glucose medium with redis- 
tilled water vs. ordinary distilled water (brom thymol blue) 


Table 7 (fig. 5) records an experiment which was devised to 
show what influence, if any, the presence of small quantities of 
sprayed-over alkaline salts in the ordinary distilled water would have 
on the colorimetric pH of diluted media and what weight this 
influence would have as compared with the effect of varying 
amounts of CO, in the water. Accordingly redistilled water 
(pH 7.05 under CO,-free conditions) was used in comparison with 
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TABLE 7 


Brom thymol blue 




















— DILUTION FACTORS 
pH or METRIC REDISTILLED 
sxpicaton |, PH oF 5 6 | «61to | 1:80 | 1:100 | 1:50 om. 
eaten Colorimetric pH of diluted medium 
6.2 6.5 6.5 6.4 6.4 6 6.4 
7.0 (6.5) (6.5) (6.5) 6.6 6 7.05 
7.6 6.5 6.6-— 6.6 6.7 6 7.6 
ORDINARY DI8S- 
TILLED WATER 
FREE 
6.2 6.5 6.4+ 6.5 6.6 6.8 7.0 
7.0 (6.5) (6.5) (6.5) 6.65 6.85 7.2 7.55 
7.6 6.5 6.6-— 6.6 6.8 7.0 7.4 7.6+ 
REDISTILLED 


(6.5) 


(6.5) (6.4) 


6.2 6.5 6.2 
7.0 (6.5) 
7.6 6.5 6.2+ 
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ORDINARY DI8- 


WATER: AIR 


EQUILIBRIUM® 


6.0-— 
6.0— 
6.1 


ORDINARY DI8- 

TILLED WATER: 

atR-COs 
EQUILIBRIUMt 


6.0— 
6.1 
6.3 


REDISTILLED 
WATER 
(pH 5.0)t 


6 0- 


6.0-— 


TILLED WATER 
(pH 5.1)% 


6.0— 


6.0 











* pH 5.5 with B.C.P. (5.6). 


CO; in this way. 
t pH 5.8 with B.C.P. (5.6). 
content. 


The CO, content was a little high because this 
equilibrium was obtained by running ordinary air through pH 5.0 water without 
heating. It would require a long time to entirely drive out the extra quantity of 


The difference between 5.5 and 5.8 was due to salt 


t pH 5.0 to 5.1 with brom cresol purple (5.0) prepared in each case by adding 
lec. of redistilled water saturated with CO; to 200 cc. of the dilution water. 


Figures in parentheses interpolated,—all others actual readings. 
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a sample of ordinary distilled water from a commercial still, 
testing pH 7.55 with brom thymol blue (7.0) and pH 8.0 with 
phenol red (pH 8.0) when aerated with CO,-free air, and testing 
pH 5.1 with brom cresol purple (5.0) as collected. The medium 
chosen was a comparatively weakly buffered one, viz., 1 per cent 
peptone, 1 per cent glucose solution. 

The chart brings out two important points (1) that the pH of 
the diluted medium is affected to a far greater extent by the CO, 
content of the water than by its salt content and (2) that differ- 
ences in pH due to variation in CO, content and also to a slight 
extent to indicator adjustment occur even in the lowest dilutions 
in contrast to the more heavily buffered media. 

When both of the waters are supercharged with CO, (pH 5.0 to 
5.1) the CO, effect so outweighs the salt content effect that the 
latter is obliterated. Note that the solid lines and the dotted 
lines follow the same path. At air-CO, equilibrium the differ- 
ences between readings made with redistilled and ordinary dis- 
tilled water are barely apparent at a dilution of 1 part in 50 and 
do not exceed 0.2 pH even when there is no buffer present (see 
readings of indicators in water alone). On the other hand, under 
CO,-free conditions, the differences in pH due to the salt content 
of the ordinary distilled water sre considerable in the higher dilu- 
tions (0.1 to 0.40 pH) and very marked (as high as 0.5 to 0.6 pH) 
when the two waters are compared alone without the presence of 
buffer. It is reassuring however to find that water with a high 
enough buffer salt content (pH 8.0) to register pH 7.55 with brom 
thymol blue adjusted to pH 7.0, does not give readings different 
from those obtained with pH 7.0 water at dilutions of 1 part in 5 
or 1 part in 10. 

It is noteworthy that a reading of pH 7.0 was obtained on this 
water (see last column on the right) with an indicator solution 
adjusted to pH 6.2, whereas a reading of pH 7.55 was obtained 
with the indicator adjusted to pH 7.0. This well illustrates the 
point that a reading of pH 7.0 on water can not be accepted as the 
true one unless the indicator with which it was obtained was 
adjusted to pH 7.0. The reading of pH 7.0 with the pH 6.2 
indicator can easily be explained as being due to a partial neutrali- 
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zation of the indicator acid by the sprayed-over alkaline buffer 
salts in the CO,-freed ordinary distilled water (pH 8.0). Hence 
ordinary distilled waters containing enough CO, to test pH 5.0 may 
be treated with pure air to remove the CO, just sufficiently to 
neutralize the sprayed-over alkaline salts and give pH 7.0 with 
pH 7.0 brom thymol blue. But such waters are variable and 
unstable, become alkaline when boiled or aerated with CO,-free 
air, exert a noticeable buffer effect when used to dilute media and 
buffers, give pH readings with adjusted bromthymol blue which 
are misleading regarding the purity of the water, and generally 
have specific conductivities above 2 x 10-* arising from the 
sprayed-over buffer and neutral salts. But double distilled 
CO,-free water of pH 7.0 and a specific conductivity less than 
0.5 xX 10-* is easily prepared, stored and used by means of the 
stills and methods described herein, is free from all these objec- 
tions, and is earnestly recommended for general use with the 
isohydric indicator methods in all colorimetric H-ion investi- 
gations. 


RECOMMENDATIONS 


The following recommendations are offered as a result of these 
investigations: 

1. All glass ware used must be Pyrex or non-sol in character 
and scrupulously cleaned by such methods as are described in the 
early part of this paper under Technic Sec. 1, Glassware. 

2. The method of filling tubes for tests and of introducing the 
indicator must be uniform, and designed to prevent or minimize 
changes in CO, equilibria. The method found most satisfactory 
by the authors is described under Technic, Secs. 5-6. 

3. In colorimetric work with very dilute solutions the purily of 
the water used and hence its preparation by a reliable method, 
designed to prevent the absorption of solids from the apparatus as 
well as the carrying over of buffer sprays, is extremely important. 
The main features of our table still (to be further described in a 
separate paper) are indicated under Technic, Sec. 2, Water. 

The presence of varying quantities of CO, in distilled water 
has been found to be a far more important factor affecting pH 
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measurements than the presence of other impurities usually found, 
although the latter must not be ignored. Hence measures must 
be taken either to control the amount of CO, in the dilution water or 
to eliminate it entirely. 

a. Consistent, though not always accurate results may be 
obtained in dilute solutions by using water which has reached 
equilibrium with the CO, in the air (pH 5.7) but water containing 
even so small a quantity of CO, will measurably affect readings 
when working in the ranges more alkaline than pH 5.7 (air-CO, 
equilibrium). Generally speaking, however, air-equilibrium water 
will not seriously vitiate determinations made within the range 
of brom cresol purple (pH 5.0 to pH 6.6). 

b. Water freshly collected from ordinary stills is commonly 
supercharged with CO,, having a pH value of approximately 
5.0 and cannot be used for making determinations in very dilute 
solutions more alkaline than pH 5.0 without affecting the 
readings. 

c. In the ranges covered by the indicators brom thymol blue 
(pH 6.2 to 7.6), phenol red (pH 6.8 to 8.4) and cresol red (pH 7.2 
to 8.8) it is essential to work under CO,-free conditions in order to 
prevent serious errors in determining colorimetrically the pH 
of weakly buffered solutions, especially toward the alkaline ends 
of their ranges. A simple method of removing CO, from water is 
described under Technic, Sec. 2, Water. 

4. For accurate work with solutions of the usual unknown 
concentrations (0.1 to 0.001 M), it is advisable to adjust the 
indicator to the mid-point of its useful range. When only one 
stock solution of each indicator is made up for general tests, the 
usual practice of today, we have used since January, 1924, and 
recommend 1.5 mols of alkali with the exceptions noted, or 
specifically such amount of acid or alkali as is shown in table 1 to 
be necessary to bring the pH value of the single stock indicator 
solution close to the mid-point. This procedure must on the 
average, except in the most dilute solutions, balance up the 
small effect of the indicator itself on the pH of the mixture 
measured. The slight error which may still occur in very weakly 
buffered solutions at the ends of the useful indicator range is 
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annulled by taking the average of the slightly too high and too 
low readings found by using overlapping indicator ranges in a 
test. 

5. When dealing with an extremely dilute solution the concen- 
tration of which is of an order only slightly greater or less than 
that of the indicator itself (0.0001 m and less), approximate 
results may be obtained by testing the unknown with three 
solutions of the indicator adjusted at the lowest, midpoint and 
highest useful pH values, or still better with a series of solutions 
of the same indicator graded in steps of 0.1 to 0.2 pH, and deter- 
mining the point or range at which there is coincidence between 
the pH as read and that of the indicator solution used. A 
simple practical method of adjusting indicators to graded pH values 
is described under Technic, Sec. 3. No successful method has yet 
been found for stabilizing these delicately adjusted solutions but 
it is essential that they be made up in scrupulously clean con- 
tainers and stored in pyrex or non-sol bottles or flasks to prevent 
change due to contact with soft glass as has been noted also by 
other workers. A more detailed account of the iso-indicator 
method and its applications will be given in another paper now in 
preparation by the authors entitled, “A new method of deter- 
mining the purity of water by means of indicators.’”’ This paper 
will also contain a complete study of CO, equilibria in water and 
methods of determining the pH of water under all laboratory 
conditions. 


GENERAL CONCLUSIONS 


1. A study of the dilution curves for the different buffers and 
media investigated reveals three types of variation from the 
true pH value as electrometrically determined for each solution 
in the undiluted state: (1) buffer-dilution effects; (2) changes 
caused by the varying CO, content and alkaline impurities 
of the water used; and (3) variations caused by the differ- 
ences in the pH values of the indicator solutions. Buffer 
dilution and water-indicator effects may be in the same direction, 
as in figure 1, or in opposite directions, as in figure 3 where the 
initial dilutions cause an alkaline change followed by more or 
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less marked increases in acidity upon further dilution due to 
varying amounts of CO, in the water and the pH of the indicators 
used. 

2. The effect of CO, in the water is not marked as a rule until a 
dilution of 1 part in 50 is reached. As dilution is increased the 
effect of CO, rapidly becomes more marked, especially in the 
case of pH 5.0 water often carrying the curves beyond the range 
of the indicators used. The curves made with air-CO, equi- 
librium (pH 5.7) water naturally fall in a position intermediate 
between those made with pH 5.0 water and with CO,-free (pH 
7.0) water. 

3. In all the charts with the exception of Chart 1, it is very 
noticeable that CO, acts not only as an acid, lowering the pH 
values markedly in the more dilute solutions, but that it also 
acts as a buffer, causing the readings made with indicator solu- 
tions adjusted in graded series to fall closer together than those 
made under CO,-free conditions. This phenomenon increases 
with the amount of CO, present. The effect produced by the 
curves is like that of the opening or closing of a fan and sometimes 
of a considerable shifting of the fan to a different position on the 
chart (figures 3 and 4 for the buffers of higher pH ranges). 

4. The adjustment of the indicator solution itself does not begin 
to cause noticeable variations in readings until a dilution of 
1 part in 100 is reached in the organic media (figs. 2 and 5) or 
molalities of 0.0001 to 0.000083 in the synthetic media (figs. 3 
and 4) and it was necessary to dilute the latter solutions to 
0.00005 m or 0.0000083 m before the adjustment of the indicator 
became a very important factor in controlling the pH. 

5. In all the charts one general principle stands out, viz., that 
barring the comparatively slight initial variations due to buffer 
dilution, the readings obtained with an indicator solution adjusted 
to a given pH value approach closer and closer, as dilution pro- 
ceeds, to the value registered by that indicator solution in the 
same water without the presence of the buffer (see values recorded 
at the extreme right of every chart). 

6. A paper now in preparation dealing with salt errors in relation 
to dilution will bring out more clearly the value of the technic 
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described in the present article in making it possible to separate 
CO, and indicator effects from true salt effects. The statement 
should be made here that the electrometric data show rather 
marked increases in pH due to buffer dilution even in the first 
dilutions (1:5 and 1:10) in both buffers and media. This 
same change in pH measured colorimetrically is greatly lessened or 
entirely annulled by the fact that the salt errors of the indicators 
are nearly always in the acid direction; hence colorimetrically 
there often appears to be little or no change in pH in the initial 
dilutions, a fact which has proved to be useful in practice rather 
than a detriment when turbid or colored solutions are diluted 
to get the pH values. 

7. Although the dilutions showing variations due to CO, 
content of water and adjustment of indicator solutions are higher 
than those recommended for ordinary colorimetric work on 
media, it is valuable to know just how far dilution may be carried 
without encountering these difficulties. It is the hope of the 
authors that these researches may prove helpful to those who are 
dealing with the colorimetric determination of H-ion concentra- 
tion in very dilute or weakly buffered solutions, and who will 
find it of vital importance to regulate the pH of the indicator 
solutions and that of the water used by controlling its CO, 
content. 

8. The isohydric indicator method makes possible colorimetric 
salt error corrections and pH measurements to about 0.1 pH by 
the use of indicators (a) adjusted at their midpoint pH for testing 
buffer solutions of the usual concentrations and up to about 50 
fold dilutions thereof; (6) adjusted at their lowest, midpoint and 
highest useful pH values for studying such buffers diluted about 
50 to 1000 fold; and (c) adjusted at 0.1 or 0.2 pH intervals over 
their useful ranges for measuring highly diluted buffers or water. 
The correct pH point or range is shown by agreement between the 
pH as read and that of the indicator solution used. This method 
now gives us a new technique for measuring colorimetrically the 
pH values of very dilute buffer solutions or water, in which 
cases E.M.F. methods are either inaccurate or entirely useless. 
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We have hoped that a further study of the bacteria found in 
genito-urinary infections might be of value, both in increasing 
our knowledge of these organisms, and as a basis for later work. 
We present here the characteristics of two hundred cultures of 
Gram-negative bacilli, isolated from two hundred cases. As 
far as possible, these have been taken in their order of admission, 
but, in the four years’ duration of this work, some cultures have 
been lost and a few have been discarded because of insufficient 
clinical data. Pseudomonas cultures, included in the prelimin- 
ary report! have finally been omitted, in order to limit this series 
to organisms of the colon group, or related forms. Studies of the 
anaerobes and of the Gram-positive cocci found in genito-urinary 
infection are separate problems, about which almost nothing is 
yet known. 

Our interest in studying bacillary infections has been first, to 
determine the bacteriological characteristics of the organisms, 
and, second, to consider any possible clinical correlation. The 
cultural characteristics of the organisms have been studied on a 
variety of media and the findings compared with those of other 
observers on bacteria from similar sources, or on related organ- 
isms. In a limited number of cases, it has been possible to study 
organisms present in the blood simultaneously with a genito- 
urinary infection, and a summary of these findings has been 

1 Paper read before the Society of American Bacteriologists, Philadelphia, 


December, 1926. 
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made. In regard to any bacteriological-clinical correlation, com- 
parisons have been made between the type of the culture and the 
nature of the infection. There is reason to believe that a con- 
sideration of the wide differences of the strains might readily 
explain some of the marked variations in response to treatment 
of different ‘‘B. coli” infections, a point which is seldom made 
clinically. 


PREVIOUS STUDIES OF GENITO-URINARY INFECTION 


Although the literature on this subject is extensive, many of 
the articles are now of only historical interest, while in others, 
the emphasis is clinical rather than bacteriological, so that there 
are relatively few studies available for comparison. We have 
prepared a bibliography of the more important general articles 
in which bacillary infections are discussed, and a few of these 
reports may be cited briefly. 

Pasteur (1862) early stated his belief that the ammoniacal 
decomposition of urine was due to an organized ferment. Later 
(1874) he is quoted as follows: 


M. Pasteur, a l'occasion de |’intéressante note de MM. Gosselin et A. 
Robin, fait observer qu’il y aurait une grand utilité 4 rechercher si, dans 
tous les cas, ou dans des cas particuliers, la qualité ammoniacale de 
lurine par la présence du carbonate d’ammoniaque n’est pas liée a 
l’existence d’un ferment organizé, notamment du ferment ammoniacal 
de l’urine si bien etudié par M. van Tieghem, ou de bactéridies, ferments 
dont les germes seraient apportés de ]’extérieur par le canal de |’uréthre, 
or par le sang qui aurait pu lui-méme prendre ce germe dans quelque 
partie du corps, par example, par une blessure quelconque, ou communi- 
cation avec le canal intestinal; enfin ce germe, organisé vivant, peut 
étre apporté souvent par une soude ou par un instrument chirurgical. 


One may read many articles on this subject, which say less than 
has been expressed by Pasteur in these few words. 

Early interest continued to center on Proteus infections. 
Roberts (1881) divided the bacillary infections into those with, 
and without, ammoniacal decomposition. Attention was called 
to the polymorphic nature of the bacilli which did not liquefy 
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gelatin, to the pyogenic nature of infections with these organisms, 
and to the possibility of blood stream infection by Albarron and 
Hallé (1888). Doyen (1888) made an early study of renal in- 
fection. Guyon (1889) emphasized the rédle played by retention. 
The studies of Clado (1887a) (1887b) and of Krogius (1890) 
should be noted. Morelle (1891) included an examination of 
direct smears of specimens in his study of cystitis. The large 
number of infections due to non-gelatin-liquefying bacilli was 
emphasized by Krogius (1892), by Schmidt and Aschoff (1893), 
by Escherich (1894), by Savor (1894) and by Bastianelli (1895). 
The books of Melchior (1895) and of Rovsing (1897a) were im- 
portant. Autointoxication was discussed by Goldburg (1895) 
and Hutinel (1896) also emphasized the probable intestinal 
origin of these infections. 

Young (1898) made an interesting study of cystitis, cultures being 
obtained by suprapubic punctures, in order to avoid urethral 
contamination. Albarron, Hallé and Legrain (1898) summarized 
the literature. At the same time Rovsing (1897b) (1898) con- 
tinued his studies, as did Melchior (1897) (1898). 

Rostoski (1898) differentiated Colon group organisms and 
reported cystitides due to Bact. acidi- lactici, Bact. lactis-aerogenes 
and to Bact. coli. Maxwell and Clarke (1899) emphasized the 
secondary nature of Bact. coli infections, Suter (1901) studying 
them as secondary to tuberculosis. Parascandolo (1900) made 
both a clinical and experimental study. T. R. Brown (1902) 
provided bacteriological details in his careful report. Baisch 
(1903) studied post-operative cystitides in women and stated his 
belief that such catheter infections occurred only in pathological 
bladders. Von Hofmann (1904) made a thorough review of the 
literature. Raskai (1905) and Lenhartz (1907) differentiated 
their cultures bacteriologically. 

Suter (1907) reported 211 cases of urinary infections, differen- 
tiating between those of endogenous and instrumental origin. 
Albeck (1907) studied the bacteriuria of pregnancy. Goldburg 
(1907) made a careful study of cystitis in infants, Jeffreys (1911) 
reporting 121 cases of urinary infection in children. Kodama 
and Krasnogorski (1913) found Bact. coli but seldom in extra- 
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renal infections and emphasized the necessity of considering kid- 
ney involvement when this organism was present. Tanaka 
(1909) studied 50 cases of cystitis, correlating the examination 
of smears with cultures, the latter being bacteriologically incom- 
plete. Alsberg (1910) advised using the more general term 
“Colon Group” and noted morphological variations. 

More recently, several valuable reports, such as those of Wolff 
(1912), of David (1914), of Brunnich (1918) and of Herrold and 
Culver (1919) are not available for purposes of comparison be- 
cause no Voges-Proskauer tests were made. These authors, 
however, describe forms closely resembling those found by us. 
The high percentage of Colon group bacilli in renal infections has 
been emphasized by Campbell and Rhea (1918), by Mackenzie 
(1921) and by Mackenzie and Cochrane (1924a) (1924b). The 
work of Dudgeon (1908) and of Dudgeon, Wordley and Bawtree 
(1922) on Bact. coli infections of the urinary tract are of great 
importance, as are the studies of Kowitz (1915) and of Bitter and 
Grundel (1924). Murray, Williams and Wallace (1910), Beck- 
man and van der Ries (1925) and others have demonstrated the 


immunological reaction of patients infected with Bact. colt. 


METHODS OF STUDY AND FINDINGS 


The routine laboratory methods used in the Brady Urological 
Institute have been described elsewhere by Young and Davis, 
(1926). They were closely followed in this series. We wish to 
acknowledge most gratefully the constant encouragement of Dr. 
Hugh H. Young and the clinical coéperation of Dr. Young and his 
associates in securing specimens with great care to prevent con- 
tamination. The method of collecting specimens consisted of 
cleansing the urinary meatus with alcohol and the anterior urethra 
by an injection of Meroxyl, 1:500. The first urine, in voided 
specimens, was allowed to escape and a specimen was then ob- 
tained in a sterile glass tube. The tubes used had been plugged 
with cotton and their tops wrapped in brown paper before 
sterilization. Many of the specimens were obtained by cathe- 
terization of bladder or kidneys. In the laboratory, rigid pre- 
cautions were taken to avoid contamination. Specimens were 





STUDY OF CULTURES OF GRAM-NEGATIVE BACILLI 209 


transferred for centrifugalization by means of sterile pipettes and 
were always kept in sterile tubes. Whenever the amount of the 
specimen allowed, it was centrifugalized at 2200 revolutions a 
minute for at least three minutes, often longer. This was some- 
times possible even with prostatic secretions by using a finely 
pointed centrifuge tube. 

We are convinced that there must be a careful correlation of 
thorough examinations of direct smears with cultural results, if 
accurate bacteriological findings are to be obtained from such 
specimens. Rarely, direct smears may fail to show organisms, 
which may be recovered regularly by culture, usually from cases 
undergoing intensive treatment. But, in general, an organism 
which develops but scantily on culture, usually only after forty- 
eight hours of incubation, and which has not been seen in the 
direct smear, can be discarded as a urethral contamination. 
Such contaminations, in the male, however, are almost invariably 
cocci. No culture has been included in which Gram-negative 
bacilli were not seen in the direct smear. One cannot, without 
special precautions, place any value on the estimation of the 
number of bacilli in such smears, because of the rapidity with 
which these organisms grow in urine. The recent report of Ver 
Mooten (1928) in which he reports that in over one third of his 
cases the examinations of direct smears and cultures do not cor- 
respond, is not in accord with our experience. 

A Gram stain was done on all direct smears, a modification of 
Nicolle’s (1895) one minute stain being used. This consisted of 
staining twenty seconds with gentian violet, (one part of saturated 
alcoholic gentian violet, freshly diluted with nine parts of 2.5 
per cent aqueous solution of phenol), and then twenty seconds with 
Gram’s iodin solution, decolorizing carefully with a mixture 
of one part of acetone in three parts of 95 per cent ethyl alcohol, 
washing in water and counterstaining twenty seconds with one 
part of carbol-fuchsin in twenty parts of distilled water. 


MORPHOLOGICAL VARIATION 


Although it is true that, in general, organisms of the genus 
Aerobacter differ from those of the genus Escherichia morpho- 
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logically, in being shorter and thicker and sometimes appearing 
in the form of streptobacilli or of diplococci, no presumptive 
diagnosis should be made from examinations of direct smears 
alone. Schmidt (1892) emphasized the diplococcoid forms which 
may be assumed by colon bacilli, a point also made by Adami, 
Abbott and Nicholson (1899) and by Konrich (1910). On the 
other hand, colon bacilli may assume equally confusing filamen- 
tous forms. The experimental work on morphological variation 
made by Péju and Rajat (1906), by Scales (1921) and by Henrici 
(1926) seems to correlate many of these variations with environ- 
mental changes. There is every reason to believe that such 
changes occur in different specimens of urine. Fishch (1926) 
has recently called attention to morphologic changes of Bact. 
coli in this medium. Clark and Ruehl (1919) have noted the 
difference in morphological characteristics between young and 
old cultures, which is of interest in view of the fact that many 
cases of genito-urinary infection have retention, the bladder 
serving as an excellent incubator for the in vivo growth of or- 
ganisms. 

Before sub-culturing, the organisms were plated by streaking 
lactose agar plates, and single colonies were fished to form the 
initial stock cultures. The fermentation of carbohydrates was 
studied on agar slants containing 1 per cent of the carbohydrate 
and the double indicators brom-cresol purple and cresol red (Man- 
ual of Methods for Pure Culture Study, 1926, A 22, B-25 and 
B-10). The agar was made sugar-free before the addition of the 
carbohydrate and care was taken not to overheat in sterilization. 
Inoculations were made both on the surface of the slant and deep 
into the butt. Observations were made for at least one week 
before negative cultures were discarded and tests were repeated 
whenever indicated. 

For convenience our 200 cultures have been divided into 4 
groups, as follows: 


Group I. 100 Escherichia cultures, fermenting lactose with acid 
and gas, not producing acetyl-methyl-carbinol, but methyl red 
positive. 
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GroupII. 79 Aerobacter cultures, fermenting lactose with acid and 
gas, producing acetyl-methyl-carbinol, but methyl red nega- 
tive. 

Group III. 5 Proteus cultures. 

Group IV. 16 miscellaneous cultures. 


The following carbohydrates were used: 


I. Monosaccharides: 
a. pentoses, 
1. arabinose, utilized by all forms in Groups I and II, 
by none in Group III. 
2. xylose, utilized by all forms in Groups I and II, 
and IIT. 
3. rhamnose, utilized by 96 per cent of Group I, by 
all of Group II and none of Group III. 
b. hexoses, 
1. glucose, utilized by all of Groups I, IT and III. 
2. galactose, utilized by all of Groups I, II and ITI. 
3. levulose, utilized by all of Groups I, II and ITI. 
II. Disaccharides: 
a. lactose, utilized by all of Groups I and II, by none of 
Group III. 
b. maltose, utilized by all of Groups I and II, and III. 
c. sucrose, utilized by 55 per cent of Group I, and by all of 
Groups II and ITI. 
III, Trisaccharides: 
a. raffinose, utilized by 51 per cent of Group I, by 96.2 per 
cent of Group II, and, slowly, by 40 per cent of Group 
Ill. 
IV. Polysaccharides: 
a. dextrin, utilized by 32 per cent of Group I, by 74.6 per 
cent of Group II and 80 per cent of Group ITI. 
b. inulin, utilized by 6 per cent of Group I, by 15.1 per cent 
of Group II and none of Group III. 
c. starch, utilized by 29 per cent of Group I, by 68.3 per 
cent of Group II and 60 per cent of Group ITI. 
V. Glucosides: 
a. salicin, utilized by 31 per cent of Group I, by 97.4 per 
cent of Group II and 40 per cent of Group III. 
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VI. Alcohols: 
a. trihydric alcohols. 
1. glycerol, utilized by all of Groups I, II and III. 
b. hexahydric alcohols, 
1. dulcitol, utilized by 69 per cent of Group I, by 
63.2 per cent of Group II and 40 per cent of 
Group ITI. 
2. mannitol, utilized by all of Groups I and IT and 
none of Group III. 
3. inositol, utilized by 8 per cent of Group I, by 87.3 
per cent of Group IT and by none of Group III. 
ce. sorbitol, utilized by 80 per cent of Group I, by 93.6 per 
cent of Group II and by 10 per cent of Group III. 
d. adonitol, utilized by 13 per cent of Group I, by 83.5 per 
cent of Group II and by 10 per cent of Group III. 


The value and correlations of these carbohydrate reactions will 
be discussed later in comparison with our findings. 


THE PRODUCTION OF ACETYL-METHYL-CARBINOL 


This was tested by adding 3 cc. of 10 per cent potassium hy- 
droxide solution to 5 cc. of a five-day old broth culture. The 
medium used was a 1 per cent glucose, 1 per cent peptone and 0.5 
per cent sodium chloride broth. After the addition of the hy- 
droxide, the tubes were thoroughly shaken, the plugs removed 
and the cultures kept under observation for at least twenty-four 
hours. By making readings in comparison with negative con- 
trols, very satisfactory results were obtained. We preferred this 
method to allowing the color to appear only as a superficial ring, 
because the entire culture was colored and often remained so far 
several days, insuring a more satisfactory reading than could be 
obtained from the more transitory surface reaction. 

Because it is an inconvenience to wait five days for this test, 
daily tests for five days were done with all of our Aerobacter 
cultures, inoculating the same lot of media with eighteen hour 
broth cultures of the organisms, using for inoculation a standard 
size of platinum loop, but with no other effort to equalize the 
inocula. The results of these tests are plotted in figure 1. By 
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this it will be seen that within twenty-four hours, forty-one 
cultures, or 51.8 per cent of this group showed definite production 
of acetyl-methyl-carbinol. There was little difference between 
the second and third day readings, sixty-eight cultures, or 86 
per cent being positive the second day and sixty-nine cultures, 
or 87.3 per cent on the third. By the fourth day, seventy-one 
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Fig. 1. PropvuctTion oF ACETYL-METHYL-CARBINOL BY SEVENTY-NINE CULTURES 


cultures, or 89.8 per cent were positive and all were positive on 
the fifth day. Since 86 per cent were positive by the third day, 
we believe that it would be advisable to test part of a culture on 
the third day. This early production of acetyl-methyl-carbinol 
has been shown by Levine, Weldin and Johnson (1917). 

The recent article by Paine (1927), in which the transitory 
nature of the Voges-Proskauer reaction is studied is of interest 
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here, since two of the three cultures which he found were positive 
from fourteen to thirty-six hours and then negative from three to 
ten days, were of renal origin. In our seventy-nine cultures, we 
have not observed this transitory action, but Paine’s observa- 
tion should certainly be noted in the study of atypical cultures. 
In our series the Voges-Proskauer test has been satisfactory and 
has served as a valuable aid in identification. Correlated with 
citrate utilization, it might be of value in the classification of some 
of the encapsulated forms about which there remains so much 
confusion. There is evidence that at least some of the viscid, 
heavily encapsulated cultures do not utilize citrate and do not 
form acetyl-methyl-carbinol, while other cultures, similar in other 
reactions, utilize citrate rapidly and are Voges-Proskauer positive. 


METHYL RED TEST 


The medium used for this test was the glucose, potassium phos- 
phate, peptone broth described in the A.P.H.A. Standard 
Methods of Water Analysis (1923). The addition of methyl 
red was carried out as there described, that is, by adding five drops 


of indicator (0.1 gram of methyl red in 300 ce. of alcohol, diluted 
to 500 ce. with distilled water) to 5 cc. of a five-day broth cul- 
ture. Correlations of methyl red and of Voges-Proskauer tests 
in our Escherichia and Aerobacter groups were entirely 
satisfactory. 


CITRATE UTILIZATION 


This has proven to be one of the most valuable of all of the 
available tests. Three media were tried, Koser’s (1924b) two 
citrate broths and Simmons’ (1926) citrate agar. This last has 
now been adopted for routine use in preference to the broths 
and is invaluable in giving rapidly a presumptive generic classifi- 
cation, as citrate is utilized promptly by Aerobacter cultures and 
either not at all, or scantily and belatedly, by Escherichia forms. 
There are, of course, a few exceptions to this, which are found 
almost invariably in the types which are also intermediate in 
some of their other characteristics. One of our most typical 
Aerobacter strains, however, utilized citrate only slightly, al- 
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though repeated tests have been made with both freshly isolated 
and old stock cultures. The confusion which reigns at present 
in regard to the encapsulated forms makes it possible that fur- 
ther subdivision of these organisms will, in time, eliminate such 
inconsistencies. In general, the citrate test is so accurate, that 
one suspects the atypical nature of the culture rather than the 
test when results are contradictory. Paran (1925) has found the 
citrate test of value in tropical water analysis. 

We have been interested in observing the different types of 
growth in citrate agar. Simmons (1926) found with the strains 
he studied that Bact. coli either failed to grow on citrate, or grew 
only as pin point colonies, the reaction of the medium being either 
unchanged or superficially acidified. Fifty-four of our one 
hundred Escherichia cultures failed to produce any visible growth 
on citrate agar in four days, with incubation at 37.5°C. Eighteen 
of the cultures produced only slight growth within four days, 
without visibly changing the reaction of the medium. Seventeen 
cultures definitely acidified the medium within four days, but 
only four of these grew well within two days. These four cul- 
tures belong to the Escherichia sub-group C, which seems to be 
nearest to the Aerobacter cultures. Eleven of the Escherichia 
cultures produced a deep blue coloration of the medium, this 
alkalinity developing in 4 cases only after forty-eight hours or 
longer. In the others,—all cultures of the intermediate sub- 
group,—it occurred promptly. 

Although Simmons found that the Bact. aerogenes strains he 
tested uniformly produced an alkaline reaction on citrate agar, 
our seventy-nine Aerobacter cultures varied markedly in this 
respect. Thirty of our cultures or 38 per cent of the group, did 
produce prompt and permanent alkalinity. Fifteen cultures, 
or 19 per cent produced equally prompt and permanent acidity. 
Thirteen cultures, or 16 per cent, after an initial alkalinity, re- 
verted to neutrality within seven days. Eight cultures, or 19 
per cent, although growing promptly, were at first neutral and 
became alkaline only after forty-eight hours. Similarly, four 
cultures, or 5 per cent, growing promptly, remained neutral for 
forty-eight hours and then gradually became acid. Three cul- 
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tures, or 3.8 per cent, although growing well, remained neutral 
during seven days of observation. Two cultures, or 2.5 per cent, 
after an initial alkalinity, became acid within a week. Two 
other cultures, after an initial acidity, reverted to neutrality. 
One culture, after an initial acidity, became permanently alkaline 
and one culture utilized citrate only after forty-eight hours, the 


TABLE 1 


Citrate utilization by 100 cultures of the genus Escherichia and 79 cultures of 
the genus Aerobacter 





ESCHERICHIA AEROBACTER 





Number Number 
of Per cent of Per cent 
cultures cultures 





N 54 54 0 
Prompt growth with acidification. . Medias we 4 15 
Prompt growth with alkalinization. . oe 7 
Prompt growth, medium remaining neutral... 0 
Prompt growth with alkalinization, reverting to 
neutrality 
Prompt growth with delayed alkalinization 
Prompt growth with delayed acidification 
Prompt growth with alkalinization, reverting to 


Prompt growth with acidification, reverting to 
neutrality 

Prompt growth with acidification, reverting to 
alkalinity 


Growth only after 2 days incubation: 


With acidification 
With alkalinization 

















growth even then being macroscopically invisible, but the medium 
becoming alkaline. No correlation of these variations could be 
made. 

In our series, therefore, the value of the citrate medium has 
been more in the lack of, or in the rate of, growth than in the reac- 
tion changes of the medium. The difference between our 
Escherichia and Aerobacter strains was uniformly striking in 
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that the Escherichia strains either did not utilize citrate or did 
so only after forty-eight hours, while the Aerobacter strains in 
general utilized this medium promptly and heavily. On the 
other hand, both alkali and acid formers were found in both 
genera. These findings are summarized in table 1. 

The stability of this citrate reaction, as shown by Koser (1924a) 
has been confirmed as most of the cultures have been tested both 
when originally isolated and after months of artificial cultivation. 


LIQUEFACTION OF GELATIN 


The medium was prepared as described in the Standard 
Methods of Water Analysis, A.P.H.A., (1923) page 95. After 
heavy inoculations, the cultures were placed in the incubator at 
37.5°C. They were removed from the incubator at three or four 
day intervals, cooled on ice, and read in comparison with un- 
inoculated controls. Incubation was continued for at least two 
weeks before cultures were considered as not liquefying gelatin. 

None of the Escherichia cultures liquefied gelatin, but twenty- 
one of the Aerobacter cultures and all of the Proteus forms did 
liquefy. Two of the latter lost this power after prolonged cul- 
tivation on artificial media. The gelatin liquefiers of the miscel- 
laneous group will be discussed later. 


PRODUCTION OF INDOL 


Dunham’s peptone broth, with Bacto-Difco peptone was used. 
The cultures were tested after two days of incubation, the Ehr- 
lich method being used. (Manual of Methods, B. 31.) As 
excellent results were obtained in this way, neither tryptophane 
broth nor tryptic digestion of the peptone was tried. Cultures 
showing the characteristic pink color were shaken up with a little 
chloroform and not considered as indol positive unless the color 
was chloroform soluble. The fact that only eleven of our 
Escherichia cultures failed to form indol, while seventy-three, or 
92.4 per cent of the Aerobacter series were indol negative is in 
accordance with the previous findings of others working with 
similar organisms. 
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MILK 


After trying both litmus milk and milk containing brom-cresol 
purple, the former was selected as preferable. This was pre- 
pared by adding the indicator to cream-free milk, which was then 
tubed and autoclaved. Cultures in milk were observed for ten 
days. All of the Aerobacter cultures both acidified and coagu- 
lated milk. Ninety-six of the one hundred Escherichia cultures 
caused acidification and coagulation, three of them acidified 
without coagulation and one culture, No. 14, was alkaline. All 
of the Proteus cultures peptonized this medium. The action of 
the miscellaneous cultures on milk will be discussed later. 


MOTILITY 


This was studied by the examination of hanging drops of broth 
cultures. Tests were made with various ages of cultures, from 
eight to eighteen hours, and negative tests were always repeated. 
In the Escherichia series, twenty-nine of the one hundred cultures 
were motile. Of the Aerobacter cultures, twenty-one or 26.6 
per cent were motile. Of these twenty-one cultures, however, 


sixteen belonged in the gelatin liquefying group and three of the 
remaining five showed only very slight motility. All five of the 
Proteus cultures were actively motile. De Stoecklin (1894), 
studying 300 undifferentiated strains of Colon group bacilli from 
faeces, found 116 motile forms and 184 non-motile. 


UREA DECOMPOSITION 


This wag determined by the use of plain broth containing 2 per 
cent urea, phenolphthalein being used as an indicator and the 
medium adjusted to acidity. With the decomposition of urea 
and the production of alkalinity, there developed a pink color and 
a strong ammoniacal odor. Only one Escherichia culture de- 
composed urea, and this organism was in an intermediate group. 
Two cultures in the Aerobacter series, both of them gelatin lique- 
fiers, decomposed urea. One of them has been isolated repeatedly 
from the same patient and always decomposes urea when freshly 
isolated, losing this power upon prolonged artificial cultivation. 
Unfortunately, we have been unable to follow the other culture 
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with repeated isolations. It has been carried for four years, 
however, and still decomposes urea promptly. All of the Proteus 
strains decompose urea energetically. 

Pasteur’s previously cited studies are of interest in this connec- 
tion. Guiard’s (1883) thesis was incomplete bacteriologically. 
Renault (1893) concluded that bacteria which do not liquefy 
gelatin do not decompose urea, a belief which cannot always 
be confirmed. 

CAPSULE FORMATION 


At the suggestion of Dr. J. H. Brown, the milk agar, India ink 
method was finally adopted for the demonstration of capsules. 
This was found to be much simpler than other methods and, if 
carefully prepared and controlled, entirely satisfactory. The 
medium consisted of one part of milk in nine of plain agar, only 
fresh, moist slants being used. By means of a platinum needle, 
a small amount of an eighteen-hour milk agar culture was trans- 
ferred to a carefully cleaned glass slide, on which had been pre- 
viously mixed one drop of sterile physiological salt solution and 
one drop of Higgins’ American India Ink. The organisms were 
stirred gently but thoroughly into this large drop and a cover 
slip inverted over the mixture. Capsules could then be demon- 
strated beautifully by examining the preparation under the high 
dry magnification, manipulating the light and the fine adjust- 
ment screw simultaneously. The capsules stood out clearly as 
colorless halos around the bacteria and against the darker back- 
ground of the ink. Negative results were checked by repeated 
examinations. The only difficulty with this method is that 
many of the freshly opened bottles of ink contain large encap- 
sulated bacilli, such as were observed by Hamilton (1898) in 
similar inks. It is therefore necessary to run careful ink con- 
trols with every series of tests. 

In view of the tendency of certain bacteriologists to place the 
encapsulated forms in a separate group, as in Castellani and 
Chalmers’ (1919) “Tribe 10, Encapsulateae,” of the Bacilliaceae, 
and Bergey’s (1925) ‘Tribe Klebsielleae Trevisan, Genus Kleb- 
siella.” we have been interested in analyzing our cultures from 
this point of view. Our findings are summarized in table 2. 
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In our Group I, Escherichia cultures, fifty-five of the one 
hundred forms were not encapsulated, thirty-nine showed thin, 
but definite capsules, and six had thick capsules. These six 
cultures, however, all belonged to the intermediate sub-group 
D, which utilized citrate promptly. Four of these six cultures 
did not form indol and four of them were non-motile. The latter 
might be placed in Bergey’s Genus Klebsiella. 

In the Group II, Aerobacter, cultures, there was a marked in- 
crease in the number of encapsulated forms. Here only eight 
cultures or 10 per cent of the group were not encapsulated, while 
fifty-eight cultures, or 73 per cent showed small but definite 
capsules, and thirteen cultures, or 17 per cent were thickly en- 


capsulated. 
TABLE 2 
Summary of capsule formation 





NO ENCAPSULATION, THIN CAPSULES THICK CAPSULES 


























Number | Percent | Number | Per cent | Number | Per cent 
Group I, Escherichia............. 55 55 39 39 6 6 
Group II, Aerobacter............ 8 10 58 73 13 17 
Cpe EEE, FOONUB. 50. osccesccces 1 20 4 80 0 0 
Group IV, Miscellaneous........ 1 6 6 37 9 56 





Considering together these heavily encapsulated forms from 
both the Aerobacter and the Escherichia series, as would be neces- 
sary were they to be united in a genus of encapsulated forms, it 
is found that thick encapsulation is the only characteristic these 
organisms have in common, with the unimportant exception of 
inability to break down urea. Therefore, if such a genus or tribe 
is to be of value, it should be widened to include the forms de- 
scribed, of which one liquefied gelatin and four of which were 
motile. Taken as a whole, classification of the bacteria by their 
other characteristics, by which they fall easily into genera con- 
taining similar forms, would seem more satisfactory. Otherwise, 
we have widely differing organisms placed together in one group 
on the basis of a single characteristic. Moreover, if we include in 
a tribe of encapsulated organisms all of the forms which show 
any definite encapsulation, 45 per cent of the Escherichia cul- 
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tures and 90 per cent of the Aerobacter cultures would have to be 
included. If there is to be any quantitative division on a basis of 
thick or thin encapsulation, by what standards is such a divi- 
sion to be made? 

The relation of capsule formation to infection, studied by 
Preisz (1909) is further emphasized by Zinsser (1923). Reference 
should also be made to Furst’s (1910) study and to the recent 
work of Avery, Heidelberger and Goebel (1925) on the isolation 
of a specific polysaccharide from a strain of Friedlinder bacillus. 


HAEMOLYSIS 


Blood agar plates were prepared by adding two-thirds of a 
cubic centimeter of rabbit red blood cells, washed once with 
physiological salt solution to twelve cubic centimeters of agar. 
The plates were streaked with diluted twelve- or eighteen-hour 
cultures of the organisms and readings were made after incuba- 
tion at 37.5°C. for twenty-four and forty-eight hours. Doubtful 
tests were repeated. We were surprised to find that sixty of the 
one hundred Escherichia cultures were haemolytic and also fifty- 
nine, or 74 per cent of the Aerobacter cultures. Only one of the 
Proteus cultures was haemolytic, although Kline (1925) has 
reported a haemolytic Proteus which was highly pathogenic for 
rabbits. 

Table 3 shows the incidence of haemolytic organisms in differ- 
ent clinical conditions. It indicates, as was to be expected from 
the number of haemolytic cultures, that, in general, over 50 per 
cent of the organisms in any type of infection considered here are 
haemolytic. 

Kayser (1903) in an interesting study of haemolytic colon 
group bacilli described a thermostabile colilysin, for which some 
normal sera contained an anticolilysin. Burk (1908) noted 
haemolytic colon group bacilli in both urine and faeces of sus- 
pected typhoid cases. Schmidt (1909) concluded that haemoly- 
sis was not correlated with fermentation reactions or virulence. 
Meyer and Lowenburg, (1924) expressed the opinion that the 
haemolytic colon bacilli could not be considered as one serologic 
group. Lowenberg (1924) found that haemolytic colon bacilli 
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played a réle in pyelitis and were increased in the faeces in gastro- 
intestinal disturbances. Jinozzi (1925), on the other hand, 
agreed with Schmidt (1909) in considering the haemolytic proper- 
ties of colon group bacilli in the gastric tract unrelated to their 
virulence. Bawtree (1923) found thirteen haemolytic strains 
among thirty Escherichia cultures from urinary infections and 
emphasized their relation to the intestinal flora. Klingenstein 


TABLE 3 
Incidence of haemolytic organisms in various clinical conditions 





TOTAL HAEMOLYTIC NON-HAEMOLYTIC 
NUMBER CULTURES CULTURES 
or 


CULTURES | Number | Per cent |Number | Per cent 


CLINICAL CONDITION 








Renal infection 57 67 
Abscess formation 4 
Blood stream invasion 12 
Epididymitis 23 
Seminal vesiculitis 11 
Orchitis 1 
Prostatitis 60 
Prostatic hypertrophy 62 
Cancer of prostate 7 
Stricture, etc 13 
Cystitis, male 115 
Cystitis, female 9 
Urethritis 10 
Wound infections 1l 
Bacilluria, male 6 
Pneumaturia 1 
Arthritis 7 
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(1925), studying forty-two cultures from the intestines, found that 
twenty-two were haemolytic. Of these, nine were from the 
jejunum, fourteen from the ileum and nineteen from the colon. 
Bitter and Grundel (1924) believed that haemolytic strains are 
found in acute cases, non-haemolytic in chronic cases. Dudgeon 
(1924) has described acute genito-urinary infections due to haemo- 
lytic bacilli which fermented lactose slowly. 
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FINDINGS 


Our four main groups of organisms will be considered separately 
before the general discussion. 

As soon as any attempt was made to arrive at a specific identifi- 
cation of these organisms, difficulties were encountered. These 
will be discussed more fully under classification. We believe 
that it is more important to describe the characteristics of our 
cultures than to try to fit them into species which are either in- 
completely described or differently defined by several authors. 
(We have limited ourselves, therefore, to giving the closest specific 
identification.) It is impossible to publish the charts necessary 
to give full descriptions of all of our two hundred cultures,but 
the record of these is available for anyone who wishes to pursue 
the subject in greater detail than it is presented here. 


Group 1. Escherichia 


This group, consisting of one hundred cultures, or fifty per cent. 
of our series, was composed of cultures which fermented lactose 
with the production of both acid and gas, which failed to produce 
acetyl-methyl-carbinol, but which were methyl red positive. 
These cultures utilized citrate either scantily or not at all. Gela- 
tin was not liquefied. Milk was usually both acidified and coagu- 
lated, but, in three instances, it was acidified without coagulation, 
and, in one case, it remained alkaline. The cultures varied in 
motility, encapsulation and haemolytic power. They regularly 
formed both acid and gas from arabinose, xylose, glucose, galac- 
tose, levulose, lactose, maltose, glycerol and mannitol. They 
usually fermented rhamnose and sorbitol. They varied in the 
fermentation of sucrose, raffinose, dextrin, starch, salicin and 
dulcitol. They seldom fermented inulin, adonitol or inositol. 

These characteristics make these organisms conform in general 
to Winslow, Kligler and Rothberg’s (1919) Group V., and to 
Bergey’s (1925) or Weldin’s (1927) Genus Escherichia. There 
were a few heavily encapsulated organisms which might have 
been placed in Castellani and Chalmers’ (1919) Tribe Encap- 
sulateae, or Bergey’s (1925) Tribe Klebsielleae, perhaps wisely 
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omitted by Winslow, Kligler and Rothberg (1919) and, more 
recently, by Weldin (1927). 

Summary of Group 1 cultures. These 100 cultures fall into the 
following sub-groups. 


A. Typical sucrose negative cultures, 43, or 43 per cent of the group. 

B. Typical sucrose positive cultures, 40, or 40 per cent of the group. 

C. Atypical sucrose positive, citrate utilizers, 11, or 11 per cent of 
the group 

D. Atypical, heavily encapsulated, viscid cultures, 6, or 6 per cent 
of the group. 


Niwa (1918-19) has reported a case of cystitis in which the 
infection was due to a bacillus which was sucrose negative, but 
which fermented raffinose, dulcitol and adonitol. This organism 
is an interesting exception to the general correlation of sucrose 
and raffinose fermentation, to which we have only one exception. 
Niwa’s organism is even more unusual in its fermentation of 
adonitol. We had only one adonitol fermenter in our sucrose 
negative Escherichia cultures, our strain differing from Niwa’s 


in being dulcitol and raffinose negative. Riesman and Bergey 
(1908) have reported a case of pyelonephritis due to Escherichia 
griinthali. 


GROUP II. AEROBACTER 


These cultures correspond to those described by Winslow, 
Kligler and Rothberg (1919) in their Group VI and by Bergey 
(1925) and Weldin (1927) in the genus Aerobacter. They all 
formed acetyl-methyl-carbinol and were methyl red negative. 
They fermented carbohydrates more readily than the Escherichia 
cultures. All of our seventy-nine Aerobacter cultures fermented 
sucrose and rhamnose as well as the carbohydrates utilized by all 
of Group I, namely, arabinose, xylose, glycerol, glycose, galactose, 
levulose, lactose, maltose and mannitol. Many more of Group 
II than of Group I fermented sorbitol, raffinose, dextrin, salicin, 
starch, adonitol, inositol, and inulin, the difference being es- 
pecially marked with sucrose, salicin, adonitol and inositol. 
On the other hand, more of Group I than Group II fermented 
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dulcitol, this being the only carbohydrate showing this difference. 
The Group II forms were more generally indol negative than were 
the Group I cultures, an expected difference. More of the 
Group II cultures were haemolytic and many more were encap- 
sulated and utilized citrate. Twenty-one Group II cultures 
liquified gelatin. These differences between the reactions of 
Group I and Group II are expressed in figure 2. 

The Group II cultures have been divided into three sub-groups, 
as follows: 


Sub-Group A, 21 gelatin-liquefying cultures. 

Sub-Group B, 36 cultures, not liquefying gelatin, all fermenting all of 
the carbohydrates tested except dextrin, starch and inulin, on which the 
reactions varied. 

Sub-Group C, 22 cultures, not liquefying gelatin, all fermenting all 
the carbohydrates tested, except adonitol, sorbitol, inositol, dextrin, 
starch and inulin, on which the reactions varied. 


Sub-groups B and C might be considered together, having been 
separated as a matter of convenience, on account of the large 


number of cultures included. 

Classification of Group II cultures. Although Grimbert and 
Legros (1900) and others have believed that the Friedlander 
group and the Bact. aerogenes group were identical, Coulter (1917) 
and others have emphasized the inability of true Friedlander 
group organisms to ferment lactose. Fitzgerald (1914) de- 
scribed the organisms of the Mucosus Capsulatus Group as non- 
motile, but some of them liquefied gelatin and 8 of his 43 cultures 
produced acetyl-methyl-carbinol. He could get no classification 
from a study of fermentation reactions. Small and Julianelle 
(1923) also found carbohydrate tests of little value in the classi- 
fication of respiratory and granuloma strains of B. mucosus- 
capsulatus. Eight of their cultures, however, produced acetyl- 
methyl-carbinol, four of them being also methyl red positive. 
This interesting finding, we have not encountered in studying 
bacilli, but one of us (Stadnichenko) has found cocci which both 
produced acetyl-methyl-carbinol and were methyl red positive. 
We see no way, however, of differentiating non-motile, typical 
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Aerobacter cultures from the Voges-Proskauer positive forms of 
the B. mucosus-capsulatus group described by these authors. 

The work of Levine (1916b) (1916c) (1917) (1921) and his 
colleagues is by far the most helpful contribution which has been 
made. The study by Levine and Linton (1924) of 123 strains of 
Bact. aerogenes, 76 from soil, and 47 from human dejecta, is very 
valuable. They confirmed the previously shown correlation be- 
tween motility, gelatin liquefaction and glycerol fermentation. 
Their cultures were arranged in three groups. None of our gela- 
tin liquefiers could be placed in their Group I, ““Cloacae,”’ because 
ours fermented glycerol. But our 21 gelatin liquefiers from urine 
fitted closely into Levine and Linton’s (1924) intermediate group 
of cultures, which both liquefied gelatin and fermented glycerol. 
The only exceptions were that our cultures did not always fer- 
ment adonitol or inositol. We found adonitol of value in sub- 
dividing our gelatin liquefiers, as 12 of them utilized this alcohol 
and 9 did not. Our 58 Group II cultures which did not liquefy 
gelatin correspond very closely to the characteristics of Levine 
and Linton’s (1924) Group II, or Aerogenes. Only four of these 
58 cultures failed to ferment adonitol and would therefore be 
considered as “probably not of human origin.’”’ Two of these 
were thickly encapsulated and perhaps should be placed in 
another genus, should one be sufficiently defined. We also had 
two inositol negative cultures, but otherwise these organisms 
fit well into the classification of Levine and Linton (1924). The 
close correlation of our gelatin liquefiers with the intermediate 
group of Levine and Linton (1924) is confirmation of the value of 
their description of these organisms. 

In addition to the articles cited in the general review of genito- 
urinary infections, a few may be noted which are of interest 
because the organisms described belong in these groups. Denys 
(1892) reported Bact. aerogenes in urine and tried to correlate its 
presence with similar findings in the faeces of children. Kidney 
infection, due to an encapsulated bacillus, was noted by Nicho- 
laier (1894). Heyse (1894) reported pneumaturia due to Bact. 
aerogenes, only one case in our series being of this type. Trumpp 
(1896) described 29 cases of cystitis in children due to Bact. 
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aerogenes. Montt- Saavedro (1896) reported cystitides due to the 
Friedlander bacillus. Other reports have been made by Barlow 
(1893), Warburg (1899), Wildbolz (1901), Wolf (1908) and Len- 
hartz (1906). Klieneberger (1908) discussed encapsulated bacilli 
as the cause of chronic cystitis. Luetscher (1911) gave an 
excellent review of the literature, but his belief that the per- 
centage of Bact. aerogenes infections had been overestimated now 
seems based on incomplete bacteriological differentiation. The 
work of Meyer and Hinman (1920) and of Lacy and Murdoch 
(1922) on lactose negative, encapsulated bacilli is related more 
closely to the encapsulated forms we have described in our 
Group IV. 


GROUP III. PROTEUS 


There were only five cultures in this group. They all fer- 
mented xylose, glucose, sucrose, maltose and glycerol. None 
fermented arabinose, rhamnose, lactose, inulin, mannitol or inosi- 
tol. They varied in the fermentation of dulcitol, salicin, sorbitol, 
adonitol, raffinose, dextrin and starch. Although van Loghem 
and van Loghem-Pouw (1912), Bertholet (1913) and Wenner 
and Rettger (1919) have found that their Proteus strains generally 
formed indol, and Steensma (1906) has observed a pseudo-indol 
reaction, none of our strains formed indol by the method used. 
This agrees with the findings of Groot (1918), of Besson and 
Ehringer (1923) and of van Loghem (1918). None of our strains 
formed acetyl-methyl-carbinol, although Archibald (1913) has 
described a Proteus form which did. All of our cultures were 
methyl red negative. 

After an initial acidification, these cultures showed an alkaline 
reaction in milk, with partial or complete peptonization. Gelatin 
was always liquefied by freshly isolated cultures. Urea was 
always decomposed and much more actively than in any other 
group. The utilization of citrate agar varied, all cultures showing 
but scant growth on this medium, four giving an alkaline reac- 
tion and one remaining neutral. All cultures were actively 
motile. Only one was haemolytic. 

According to both Bergey (1925) and Weldin (1927), all of 
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these cultures were Proteus vulgaris, differentiated on the basis of 
their action on maltose and mannitol. Our forms differed, how- 
ever, from the specific definition of Weldin (1927) in that they 
were indol negative and sometimes fermented dextrin. 

The carbohydrate reactions of this group were in some cases 
much less clear-cut than in Groups I and II and gas production 
by these Proteus strains was somewhat irregular and in no case 
marked. For example, in sucrose, although acid was produced 
by all, in some cases gas was not evident until from the third to 
the fifth day, and in one case no gas was noted. In both maltose 
and glycerol, although acidification was produced by all cultures, 
gas production was variable. 

The loss of ability to liquefy gelatin is in accordance with the 
findings of Theobald Smith (1894), of Herter and Ten Broeck 
(1911) and others. Three of our Proteus cultures have retained 
their power to liquefy gelatin, while two have lost it entirely. 

No pigment production was exhibited by any of our strains. 
They were cultured for fourteen days on plain broth by the 
method of Bengtson (1919) and on potato for five days as sug- 
gested by Jordan (1903), but failed to show pigment by either 
method. 

Only one of the Proteus cultures was haemolytic. This dif- 
fered from the haemolytic strain described by Kline (1925) in 
that ours did not ferment mannitol or arabinose, and did ferment 
xylose. There were also some differences in gas production. 

Ability to grow under anaerobic conditions was tested on 
chopped meat medium, incubated at 37.5°C. for fourteen days. 
Growth was obtained in all cases. The meat became slate- 
colored and there was a slight reduction in the size of the meat 
particles. No gas was produced and in nocase was there evidence 
of proteolytic action. 

Many authors have reported urological infection due to Pro- 
teus. Lenhartz (1923) found it causing septicaemia of renal 
origin. Wolff (1912) found that 8 per cent of his one hundred 
cultures were Proteus. He divided these eight cultures into 5 
types, only one of which fermented mannitol. The recent work 
of Hagar and Magrath (1925) (1926) (1928) is of special interest. 
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The organism which they find as the etiological factor in en- 
crusted cystitides they now call Proteus ammoniae, as it seems 
more closely related to this genus than to Salmonella, although 
sucrose negative. We have not found this organism in our series, 
but the increase in the incidence of Proteus cultures in lithiasis, 
as shown in the clinical summary, and the promptness with which 
they all decompose urea makes them of importance in alkaline 
infections. The problem is complicated by the fact that such 
infections are almost always mixed, although Hagar and Magrath 
have obtained pure cultures from some of their cases. 


Group IV. Sixteen miscellaneous cultures 
These may be placed in the following genera: 


Alcaligenes. This culture, motile and gelatin liquefying, may 
be considered as Alcaligenes bookeri, Bergey (1925, page 258), 


or Weldin (1927, page 187). It was associated with a coccus in a 
case of pyonephrosis and epididymitis. Beckmann and van der 
Reis (1925) have described cystitis due to this organism. Straub 
and Krais (1914) and others have found it in urinary infections, 
Mackenzie and Cochrane (1924b) reporting it in 63 of their 
241 ureteral cultures, an unusually high incidence. 

Eberthella. Using the classification of Bergey (1925), both 
motile and non-motile organisms which ferment glucose without 
gas belong in this genus, while Weldin (1927) places the non- 
motile forms in Shigella. Fourteen of our Group IV cultures may 
be placed in these genera, seven cultures not fermenting lactose 
and seven fermenting lactose without gas. 

Four of our cultures were practically identical. They were 
motile, liquefied gelatin, and in other ways resembled Ford’s 
(1901) Eberthella chylogena except for their action in milk, and 
resembled his Eberthella dubia, except for their action in milk and 
their failure to form indol. These organisms differed from 
Eberthella lewisii in the liquefaction of gelatin, Weldin (1927, page 
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172). They seem, therefore, more closely related to the organism 
described by Ford (1901). 

One motile culture was considered as Eberthella talavensis. 
One non-motile culture could not be classified. It resembled 
Shigella dysenteriae closely and, although differing in its fer- 
mentation of mannitol from Shigella paradysenteriae Flexner, 
it showed an immunological relationship to this organism, ag- 
glutinating in its serum in a dilution of 1:40. Another culture, 
non-motile and lactose negative, was apparently Eberthella 
alkalescens, or Shigella alkalescens. 

The remaining seven cultures in Group IV, which all fermented 
both glucose and lactose without gas, as well as mannitol and 
xylose, were non-motile. The four dulcitol negative forms were 
considered as Shigella madampensis, Weldin (1927, page 181). 
The dulcitol positive forms seemed to be Shigella ceylonensis, 
Weldin (1927, page 182). They satisfied the definitions of this 
species much more closely than that of Eberthella viscosa, the 
closest resemblance to be found in any of the forms described by 
Bergey (1925, page 254). 

One culture has been considered Salmonella paratyphi, in 
spite of its fermentation of sucrose, because it was agglutinated 
by Salmonella paratyphi immune serum in a dilution of 1:320. 

Dudgeon (1906) has described an organism from a case of pros- 
tatitis which closely resembled some of our Group IV cultures, 
although we had no salicin positive, sucrose negative forms and his 
organism was slightly motile. Lacy and Murdoch (1922) have 
reported encapsulated non-gas-forming bacilli from the urinary 
tract. One of our cultures resembles the organism described in 
its fermentative reactions. Meyer and Hinman (1920) have 
described a similar encapsulated organism from a case of hy- 
dronephrosis. 


BACTERIOLOGICAL SUMMARY AND DISCUSSION 


The 200 hundred cultures fall into 65 types, if grouped ac- 
cording to their 14 most clearly differentiating characteristics, 
that is, their behavior in regard to the Voges-Proskauer test, 
methyl red, citrate, gelatin, milk, indol, encapsulation, motility 
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and the fermentation of glucose, lactose, sucrose, dulcitol, salicin 
and adonitol. Our 100 Escherichia cultures form 30 of these 65 
types, while the 79 Aerobacter cultures form 20 types. The 
largest number of cultures in any Escherichia type was 15, while 
the largest number in any Aerobacter type was 29. That is, the 
Aerobacter cultures tended to be less differentiated. The 5 
Proteus cultures formed 3 types, differing only in their fermenta- 
tions of dulcitol, salicin and adonitol. The 12 types of the mis- 
cellaneous cultures are not significant. 

While these 65 types represent only a few of the number theo- 
retically possible on the basis of 14 characteristics, there seems 
no reason why many others should not be found in addition to 
those previously reported from other sources. The use of some 
outline which includes the possible variations of whatever charac- 
teristics may be considered essential, and which gives each varia- 
tion a place, would seem simpler than the available systems of 
classification. Levine (1918), considering the possibilities pre- 
sented by Bergey and Deehan (1908) and by others too flexible, 
on account of the large number of possible variations, has empha- 
sized the necessity of studying correlations of characteristics. 
Such a statistical plan would offer some way of quickly making 
comparisons and of placing organisms not previously listed, while 
the demands of nomenclature could be satisfied by naming these 
types as found. 

In regard to classification, a review of the enormous literature 
on the subject has yielded comparatively few studies that are 
helpful in the light, or rather darkness, of present knowledge. 
Moreover, these few disagree in so many ways or have such 
omissions, that the unfortunate bacteriologist who tries to identify 
cultures by them, is at once thrown into confusion. There are, 
however, some valuable guides, which will be discussed briefly. 

Winslow, Kligler and Rothberg (1919), basing their study on 
160 cultures of the colon-typhoid group, offer a grouping which is 
valuable in the very breadth of its classification, which allows 
it to be used many times when the more detailed definitions of 
others exclude cultures on minor characteristics. However, they 
frankly offer no assistance in regard to encapsulation. They 
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have no place for anaerogenic lactose fermenters. Their Group 
V, in which most of our Group I, Escherichia, cultures belong, has 
no place for motile species which ferment both salicin and sucrose. 
This omission excludes nine of our cultures. In their Group 
VI, in which most of our Group II, Aerobacter, cultures belong, 
the species B. cloacae is defined as non-motile, so excluding six- 
teen of our twenty-one gelatin liquefying cultures. By the ad- 
dition of such groups to their classification, the fundamental 
groupings of Winslow, Kligler and Rothberg (1919) could 
be made to include these and other forms which may be found. 

Castellani and Chalmers (1919), emphasizing gelatin liquefac- 
tion and encapsulation in tribal differentiation, would force us to 
remove the 45 encapsulated cultures from our Group I, Escheri- 
chia. While the advisability of taking away from this group the 
6 heavily encapsulated, viscid cultures may be seriously con- 
sidered, it seems illogical to remove the 39 thinly encapsulated 
cultures from forms which they so closely resemble inevery other 
way. In their Tribe Encapsulateae, Castellani and Chalmers 
(1919) describe only two species which ferment both glucose and 
lactose with acid and gas. Of these, Encapsulatus acidi-lactici 
is Voges-Proskauer negative, and does not ferment inositol. 
Seven of our encapsulated Group I cultures did ferment this 
alcohol, although three of these were thickly encapsulated and 
most fitted to be placed in this tribe. The only other glucose 
and lactose fermenting species of the Tribe Encapsulateae, or 
Encapsulatus lactis-aerogenes, is described as Voges-Proskauer 
positive, and would, therefore, include all of the encapsulated 
forms in our Group II which did not liquefy gelatin. Further 
division of this tribe would be useful. The gelatin-liquefiers, 
according to Castellani and Chalmers (1919) would be placed in 
the Tribe Proteae, Genus Cloaca, species cloacae. This is a diffi- 
cult transition, in view of the fact that these organisms seem more 
closely related to the other Voges-Proskauer positive, lactose fer- 
menting, milk coagulating cultures, than to the Voges-Proskauer 
negative, lactose negative, milk peptonizing Proteus cultures. 
Castellani and Chalmers (1919) are more helpful than others in 
the identification of atypical or unusual forms. 
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Bergey’s (1925) Manual is of value in its genera of the tribe 
Bacterieae, but confuses by such mistakes as dividing the genus 
Escherichia on the fermentation of lactose and glucose, (page 
217, AA. 1 and AA.1la bb c), when the key describes the genus as 
forming both acid and gas in these carbohydrates. The problem 
of encapsulation offers much of the confusion found in Castellani 
and Chalmers (1919). The non-motile, encapsulated organisms 
are placed in the genus Klebsiella, but no way is given of clearly 
differentiating the glucose and lactose fermenters in this genus 
from Aerobacter cultures, as there is no statement as to the pro- 
duction of acetyl-methyl-carbinol by the Klebsielleae. There is 
no place for motile encapsulated organisms in this tribe, or any 
way to distinguish Voges-Proskauer negative, encapsulated, lac- 
tose fermenters of this tribe from certain Escherichia forms. It 
it seldom possible to make more than a generic classification by 
Bergey’s (1925) system, but his genera are of value. 

Weldin (1927) is more helpful than Bergey (1925) in many 
ways, but again throws one into confusion by putting the en- 
capsulated forms under Proteus. This is inconsistent if any 
encapsulated lactose fermenters are to be included. Weldin 
(1927) offers no species of the Genus Escherichia which differs in 
the fermentation of dulcitol and salicin. Our 17 cultures which 
did differ in the fermentation of these carbohydrates form such a 
large and consistent group that we believe such a subdivision 
should be made. Weldin (1927) omits the use of salicin in his 
definition of Escherichia communior, defined as not fermenting 
this carbohydrate by Winslow, Kligler and Rothberg (1919) and 
as salicin positive by Bergey (1925). This is a typical example 
of the perplexities which confront anyone who endeavors to use 
the present methods of classification. Weldin (1927), however, 
remains the most useful at present for specific identification. 


COMPARISON WITH RELATED FORMS FROM INTESTINAL CONTENTS 


In view of the many studies which have been made of Colon 
group bacilli from other sources, certain comparisons may be 
made. The findings of others in studying faecal strains of the 
Colon group show a relatively high percentage of Bact. coli, or 
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Escherichia cultures, in proportion to the percentage of Bact. 
aerogenes or Bact. cloacae (Aerobacter) strains. These findings 
have been summarized in table 4. 

From this it will be seen that, in the fourteen reports tabulated, 
representing nearly 7000 cultures, some authors found no Aero- 
bacter strains, others from 0.06 to 16 per cent. Rogers, Clark and 
Lubs (1918), using special enrichment methods, obtained 26 per 
cent Aerobacter cultures in faeces. These results are in strik- 
ing contrast to the presence of Aerobacter strains in 39.5 per cent 


TABLE 4 
Colon bacilli in faeces 





TOTAL BACT. AEROGENES 
NUMBER . AND BACT. CLOACAE 
or 
CULTURES |w 
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Number Per cent 





Chen and Rettger (1920). .. 173 0 
Rogers, Clark and Evans (1914).... 150 
Levine (1916a).. ics t bkth ewe it 117 
Koser (1924) 118 
Schébl and Ramirez (1925) 20 
Rogers, Clark aud Lubs, (1918) 177 
MacConkey (1909) 316 
Darling (1919) 113 
Stokes, (1919) 156 
de Magalhaes (1924) 1,290 
Robinson (1920) 2,100 
Clemesha (1912) 2,236 
Hulton (1916) 13 13 
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of the urological infections, or in 44.1 per cent of the 179 true 
Colon group infections in our series. 

If the urological infections are of intestinal origin, as has been 
believed by many, including Heitz-Boyer (1919), Bawtree (1923), 
and Chynoweth (1926), it is possible that the Aerobacter strains 
respond to some selective action in the genito-urinary tract. More 
probably, these forms, being more resistant than Escherichia 
strains, survive when introduced into the genito-urinary tract, 
while the Escherichia organisms, although far outnumbering the 
Aerobacter forms in faeces, are more easily killed when trans- 
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planted. This same point may be made in regard to Colon group 
invasions of the blood stream, as will be shown later. The 
problem of whether or not there is any increase in the Aerobac- 
ter content of the intestines before or during genito-urinary in- 
fection, is one about which we have no information. 


CLINICAL SUMMARY 


By comparing the incidence of our four main groups of cultures 
to their proportion in the whole series of 200 cultures, some esti- 
mate may be made of variation in different clinical conditions. 
We may state briefly the few correlations which seem important. 

1. Renal infections, 57 cases, 49, or 86 per cent pure cultures. 
The only variation to be noted here is the increase in incidence of 
gelatin liquefying forms of the genus Aerobacter. Of the 21 
Aerobacter strains isolated from renal infections, 9, or 42.8 per 
cent liquefied gelatin, although only 26.5 per cent of all of the 79 
Aerobacter cultures did so. The fact that in 8 of the 9 cases of 
renal infection due to gelatin-liquefying bacilli, the organisms 
were obtained in pure culture, seems to offer evidence that these 
strains, although commonly considered harmless, are not lacking 
in pathogenicity when established in the kidney. 

2. Urolithiasis, 25 cases, 17, or 68 per cent pure cultures. Here 
there was a sharp drop in the incidence of the Escherichia cul- 
tures to 28 per cent, less than half of these being pure cultures. 
There was a corresponding increase in the incidence of cultures 
from Group II, Aerobacter, and Group III, Proteus. The Aero- 
bacter cultures had an incidence of 48 per cent in lithiasis, 83.3 
per cent of them being pure. The Proteus cultures, forming only 
2.5 per cent of the total of 200 cultures, occurred in 12 per cent of 
the cases with stone formation. 

8. Abscess formation, 4 cases, 3, or 75 per cent pure cultures. 
One prostatic abscess, due to a pure Escherichia strain was en- 
countered. The other three were cases of peri-urethral abscesses. 
Two of these three cases had,blood stream invasions, a pure 
culture of a Shigella strain being obtained from both blood and 
abscess in one instance and a pure culture of a gelatin-liquefying 
Aerobacter strain being obtained from the blood in the second 
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case, although associated with a Gram positive coccus in the 
abscess. A pure, non-gelatin-liquefying Aerobacter strain was 
obtained from the third case of peri-urethral abscess. 

4. Epididymitis, 23 cases, 19, or 82.8 per cent pure cultures. 
All of the 11 Escherichia cultures obtained from cases of epididy- 
mitis were pure. There was a relative increase of sucrose nega- 
tive Escherichia strains. No gelatin liquefying bacilli were found 
among the 9 Aerobacter strains encountered. There was 1 pure 
Proteus culture. One Alcaligenes, mixed with a coccus, was 
found, and 1 pure culture of a Shigella strain. 

5. Seminal vesiculitis, 11 cases, 10, or 90.9 per cent pure cultures. 
The incidence of Escherichia cultures here was above normal, 
being 72.7 per cent. The percentage of heavily encapsulated 
Group I, Escherichia, cultures was increased, being 37.5 per cent 
as compared with only 6 per cent in the total Group I series. 
There was a drop in the incidence of Group II, Aerobacter, cul- 
tures, to 27 per cent, all pure cultures. No gelatin liquefiers were 
found, but two of the Aerobacter cultures were heavily encapsu- 
lated, bringing the number of heavily encapsulated cultures 
found in seminal vesiculitis to 5 or 45.4 per cent. 

6. Prostatitis, 60 cases, 48, or 80 per cent pure cultures. There 
was no specific incidence in these infections, nearly every type of 
organism being found. The studies of Young, Geraghty and 
Stevens (1906), of Dudgeon (1906), (1907), of Culver (1916), 
of Rosen (1919), and of Baker (1925) may be cited here, although 
bacteriologically incomplete. 

7. Prostatic hypertrophy, or carcinoma of prostate with retention, 
69 cases, 45, or 65.2 per cent pure cultures. There was no specific 
incidence. The relatively small number of pure cultures was to 
be expected. 

8. Stricture, contracture of the vesical orifice, with retention, 13 
cases, 12 or 92.3 per cent pure cultures. There was a slight in- 
crease in the number of Aerobacter cultures, to form 53.9 per 
cent of the group. 

9. Cystitis, male, 115 cases, 85, or 73 per cent pure cultures. 
Some difficulty was encountered in deciding what to include in 
this group. Using clinical diagnoses, and cystoscopic reports, 
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but omitting doubtful cases, some of which perhaps should have 
been included, these 115 cases may be considered as representa- 
tive. There was no significant variation in incidence of culture 
groups. While 83.8 per cent of the 62 Escherichia cultures were 
pure, only 38.2 per cent of the 43 Aerobacter cultures were pure, 
a proportion which by no means held in other clinical types. 
There were 2 Proteus infections, 1 pure and 1 mixed. There were 
4 Eberthella infections, only 1 pure, and 4 Shigella, all pure. 

10. Cystitis, female, 9 cases, 8, or 88.8 per cent pure cultures. 
There was a relative increase of Aerobacter cultures, to form 55.5 
per cent of the infections. 

11. Urethritis, 10 cases, all pure cultures. Ninety per cent of 
the cultures were Escherichia. 

12. Bacilluria, male, 6 cases, 5, or 83.3 per cent pure cultures. 
Escherichia cultures formed half of these infections. 

13. Wound infections, 11 cases, no pure cultures. No Escheri- 
chia cultures were found in wound infections, 81.8 per cent being 
Aerobacter. There was 1 Proteus infection and 1 Shigella. 

14. Arthritis, 7 cases, 6, or 85.7 per cent pure cultures. Four 
of these were Escherichia, all pure, and 3 Aerobacter, 2 pure. 
Kauntze (1924) has recently discussed the réle of Bact. coli in 
arthritis. 

15. Blood stream invasions, 13 cases, 12 of bacillary infection, 
all pure cultures. These thirteen cases had blood stream inva- 
sions simultaneously with genito-urinary infection. In one of 
these, Staphylococcus aureus was recovered from the blood, but 
not from the urine. The other twelve cases showed the same 
bacillus in the blood which was also found in the genito-urinary 
tract. Of these twelve cultures, only one, or 8.3 per cent was 
from Group I, Escherichia. That is, there was a great drop in 
the incidence of this group, which was normally 50 per cent. On 
the other hand, nine of the twelve bacillary blood invasions, or 
75 per cent were by organisms of Group II, Aerobacter. There 
was no blood stream invasion by Proteus in our series and only 
two, or 16.6 per cent from Group IV organisms. One of these 
was an Eberthella and the other a Shigella. It is evident, there- 
fore, that, just as in general there is a marked increase of the in- 
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cidence of Aerobacter cultures in genito-urinary infections in 
proportion to the known incidence of these organisms in the body, 
there is a similar strikingly high percentage of these Aerobacter 
species in blood stream invasions. This is a small series of cases, 
but further evidence is gradually being accumulated which sup- 
ports this finding. Its significance cannot be explained unless 
on the grounds previously discussed. 

A review of the many articles on Colon group invasions of the 
blood stream fails to reveal any previous attempt to identify 
such cultures generically, except in a few separate cases. The 
importance of the genito-urinary tract as the focus for such in- 
vasions, however, has long been emphasized, especially by Felty 
and Keefer (1924), by Jacob (1909) and by Maciag and Olbrycht 
(1926). Liebermeister (1906) cites Barlow’s early case of Bact. 
coli sepsis and death in a case of urethral stricture. Krencker 
(1907), Helmoltz (1926), Rooke (1925) and Roux and Lemaire 
(1925), among others, have reported Bact. coli septicaemias of 
urinary origin, without further bacteriological differentiation. 
Friedlander bacillus septicaemias have been reported by Brouar- 
del (1926), by Lereboullet and Pierrot (1927), by Caussade, 
Joltrain and Surmont (1924) and others. Berg and Libman 
(1902), Longeope (1902), and others, have reported paracolon 
septicaemias. 


FINAL SUMMARY 


1. Two hundred cultures of the Colon group, or related or- 
ganisms, isolated from two hundred cases of genito-urinary in- 
fection, have been studied. 

2. These cultures may be divided as follows: 

Group I. One hundred cultures, or 50 per cent of the series, 
were methyl red positive, Voges-Proskauer negative, and may be 
considered as Bact. coli, or closely related forms. They belong in 
Winslow, Kligler and Rothberg’s Group V, or in Bergey or Wel- 
din’s Genus Escherichia. They may be subdivided into 4 sub- 
groups, namely: (A) 43 typical sucrose negative cultures; (B) 
40 typical sucrose positive cultures; (C) 11 typical sucrose posi- 
tive cultures which utilized citrate promptly; (D) 6 atypical, 





240 HILL, SEIDMAN, STADNICHENKO AND ELLIS 


heavily encapsulated cultures, which might have been placed in 
another genus. 

Group II. Seventy-nine cultures, or 39.5 per cent of the series, 
were methyl red negative, Voges-Proskauer positive, and may be 
considered as Bact. cloacae, Bact. aerogenes, or closely related 
forms. They correspond to Winslow, Kligler and Rothberg’s 
Group VI, and to Bergey’s or Weldin’s Genus Aerobacter. They 
may be subdivided on the bases of gelatin liquefaction into two 
groups, as follows: (A) 21 gelatin liquefying cultures, corre- 
sponding closely to Levine and Linton’s intermediate group; 
(B) 58 cultures, which did not liquefy gelatin, and which resemble 
closely the organisms described by Levine and Linton in their 
Group II. 

Group III. 5 cultures, or 2.5 per cent of the series were 
Proteus. 

GroupIV. 16 cultures, or 8 per cent of the series composed our 
miscellaneous group, which may be subdivided as follows: 


Alcaligenes, 
Eberthella 
Shigella 
Salmonella 


8. Encapsulation. 135 cultures, or 67.5 per cent of the series 
showed definite encapsulation. Of these, 28 had thick capsules. 
A comparison of the encapsulated forms, however, showed that, 
if they were placed in a separate genus, it would have to include 
species varying in every other characteristic but encapsulation. 
We do not believe, therefore, that until more is known about 
encapsulation, it is a satisfactory basis for generic differentiation. 

4. Citrate utilization. This has been found to be a very valu- 
able means of differentiation, Simmons’ citrate agar being more 
useful than Koser’s citrate broths. Citrate was used scantily 
or not at all by our Group I (Escherichia) cultures, with the ex- 
ception of 11 strains which were also intermediate in their other 
characteristics. Citrate was used rapidly by all but 1 of our 
Group II (Aerobacter) cultures, and by all of our Proteus cul- 
tures. It was not utilized by our one Alkaligenes culture, or 





STUDY OF CULTURES OF GRAM-NEGATIVE BACILLI 241 


our one Salmonella paratyphi culture. The correlation between 
citrate utilization and the Voges-Proskauer test was excellent. 
The citrate test is of great value in obtaining within twenty-four 
hours a presumptive generic differentiation between Escherichia 
and Aerobacter. 

5. Voges-Proskauer test. It was found by testing our 79 
Aerobacter cultures daily for five days, that 51.8 per cent were 
positive within twenty-four hours, 86 per cent were positive in 
two days, 87.3 per cent in three days, 89.9 per cent in four days 
and 100 per cent in five days. It is therefore evident that in 
about 86 per cent of such cultures, testing for the production of 
acetyl-methyl-carbinol on the third day would give a positive 
result, saving 2 days time in making generic identification. Cul- 
tures negative on the third day could be held until the fifth day, 
as is customary. 

Haemolysis. The number of haemolytic cultures was higher 
than had been anticipated, 131 cultures, or 65.5 per cent of the 
series being haemolytic. In group I (Escherichia,) 60 per cent 
of the cultures were haemolytic, in Group II (Aerobacter) 74 
per cent. In Group III (Proteus) only 1 of the 5 cultures was 
haemolytic. In Group IV, the haemolytic cultures included the 
one Alcaligenes found, 2 of the 5 Eberthella cultures, 7 of the nine 
Shigella cultures and the one Salmonella culture. 

A comparison of haemolytic action with clinical types of 
infection shows a high percentage of haemolytic cultures in 
many types of infection, but with no significant selective patho- 
genicity on the part of these strains. 

Urea decomposition. This was found most markedly in the 
Proteus cultures, 2 of the Group II (Aerobacter) strains also pos- 
sessing this power although their action on urea was much weaker 
than that of the Proteus cultures. Although the Proteus strains 
did not lose their ability to decompose urea after artificial culti- 
vation, one of the Aerogenes strains could decompose urea only 
when freshly isolated from urine. 

Comparison with intestinal Colon group cultures. A review of 
the literature on colon group strains from intestinal contents, 
revealed the fact that in urological infections the incidence of 
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Aerobacter cultures is much higher than in the intestines. The 
reason for this is unknown. 

Clinical summary. The most significant facts found in compar- 
ing our culture groups with different clinical infections were as 
follows: 

1. Seventy-five per cent of the blood stream invasions were due 
to organisms of Group II (Aerobacter), in the 12 cases in which the 
same organism was recovered from blood and urine, the incidence 
of Group I (Escherichia) cultures being only 1 case, or 8.3 per 
cent. This high proportion of Aerobacter cultures in such blood 
stream invasions parallels the high incidence of this group of 
cultures in genito-urinary infections, as compared with organisms 
present in the intestinal flora. The incidence of Aerobacter 
cultures in the blood, however, is even higher than in the urine. 
So far as we have been able to determine, this differentiation of 
the Colon group in blood stream invasions has not been made 
previously and further data should be obtained. 

2. There was also a drop in the incidence of Group I (Escheri- 
chia) cultures in the 25 cases of lithiasis, with a corresponding 
increase of Group II (Aerobacter) cultures to 48 per cent and of 
Proteus to 12 per cent. 

3. Two of the three cases of abscess formation developed 
blood-stream invasions. 

10. We hope that by this analysis of 200 cultures, some knowl- 
edge of the nature of the bacillary infections has been obtained 
which will be of value as a basis of further comparison and a 
point of departure for further study. 
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